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ABSTRACT
RECOMMENDED COMPUTER TEST REQUIREMENTS

The objective of this report is to investigate techniques which
vwould be used to characterize aerospace computers with the Space Shuttle
application as end usage. '

The first section surveys the system level digital problems which
have been encountered and documented in several Aerospace Companies.
Tests were then devised by these companies to discover the system problems
prior to vehicle installation.

From the large cross-section of tests, an optimum set is recommended.
The report demonstrates that this set has a high probability of discover-
ing documented system level digital problems within laboratory environments.

The second section defines a baseline hardware, software system which
is required as a laboratory tool to test aerospace computers.

The third section surveys the GSE equipment candidates and recommends
the Unified Test Equipment (UTE) as the laboratory system to be considered
for the computer test set.

The fourth section of the report contains hardware and software base-
lines and additions necessary to interface the UTE to aerospace computers
for test purposes. _ '
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1.

SYSTEM_PROBLEM AND TEST METHOD SURVEY

A.

INTRODUCTION

The purpose of this study is to arrive at an optimal set of
tests to be specified for the Universal Computer Test Stand (UCTS).
The tests are to be optimized from a standpoint of test effectiveness,
cost and efficiency to uncovef digital system problems not normaily
found‘in subsystem quality testing.
To achieve this objective, the following guidelines were used:
Discover and document actual digital system problems
Compile a 1ist of tests to uncover those documented problems
Optimize and coorelate test and problem data

Digital Problem Survey. This survey was implemented to learn what

types of system problems were found throughout the aerospace industry.
This gave the survey team an opportunity to document the problems
and to have a documented baseline from which to choose system tests.

Test Compilation. The tests to detect the problems surveyed were

also documented during the "Problem Survey". A large list (37 individual
tests) was generated which, if all were implemented on any tester, would
require a large amount of time and money.

Optimization and Data Correlation. To reduce the test and problem data

to a usable economical form, an optimization technique was used. The
Optimization technique which was used was implemented with various

weighted criteria and analyzed with a test criterion function equation.*

*Woodson, T.T. Introduction to Engineering Design, pp 202-235; 1966;
McGraw Hil1l Inc.



STUDY IMPLEMENTATIOM!

To achieve the study objective it first became necessary to
find and document those problems encountered in computer installations.
With this completed, it was possible to generate a test tist from the
survey comprised of various tests designed to uncover the documented
problems. It is impractical to design a test for each probiem
individually. However,lby grouping problems of similar nature (i.e.
EMI, grounding), tests can be developed to cover a probiem category.
Thus, there was a need to group problems into categories. At this
point the Tist of problems was divided into categories. The problem
categories were compared to the test groups to find an optimal set of
tests. A test weighting criteria wés established to eliminate the
least effective tests. Considerations for the test weighting criteria
includes the following:

- Cost
- Test Effectiveness
- Problem Severity

Cost - Cost 1is considered because it will have a direct impact

on UCTS hardware cost and test time. Tests which require hours

df test time or 1afge quantities of hardware should have 1ow

priority considerations.

Test Effectiveness - This criteria is rated against each of the

nine problem categories to determine how well the test uncovers
the particular problem category. For instance, a test which is
only meant for EMI will not be effective against a hardware type

problem such as a broken connector pin.



C.

Problem Severity - This criteria considers the severity of

the problem in terms of four problem weighting criteria:
difficulty of isolation, frequency of occurrence, mission cri-
ticality, and safety criticality.

The fo]lowing.example shows the reasoning that made
it necessary to consider problem severity. If, for example,
Test 1 covers only problem Category A and Test 2 (same cost as 1)
covers only problem Category B and each test covers their
problem category equally well, which test is better? If problems
in Category A are more critical (severe) then Test 1 should be

rated higher.

With these three criteria selected, a method was derived to incorporate
them into a meaningful test rating figure for each test. These rating
figures will then permit the selection of an optimal set of tests.

GENERAL

The following summary will detail the implementation of the test
The summary is divided into five major sections.

{1) System Problem Survey and Analysis

(2) Compilation df System Test and Analysis

(3) Baseline Tests

(4) Conclusions

(5) Recommendations



)

(2)

(3)

(4)

5)

System Problem Survey and Analysis

This section inciudgs system problems not normally found during
Acceptance Tests, but féund during system integration. The problems
were categorized into nine (9) groups. The groups were then analyzed
and weighted against each other to determine the degree of severity for
each group. The degree of severity is on a scale of 0 to 24 wﬁere 24
indicates a most severe problem and O would be the least severe.

The severity of problem group was used as an input to determine the
optimal group of tests.

Compilation of System Test and Analysis

This section consists of a test list and the analysis of that 1ist.
Each test was given an efficiency rating from 0 to 1 for each problem
category. A test that Qas judged to be very effective in uncovering a
type of problem was given a high efficiency rating (near 1) for that
problem category.

Considering the efficiency rating, problem severity, and cost, a
list of highly efficient tests are recommended for the purposes pf
evaluating Space Shuttle candidate computers.

Baseline Tests

This section contains a 1ist of functional tests which were deemed
a minimum requirement to gain insight into the performance of each
candidate computer.
Conclusions

The results of the problem and test survey are presented including
the recommended optimum test 1ist and the minimum baseline tests to be
performed.

Recommendations

A recommended 1ist of tests and procedures are presented in

this section.



D. PROBLEM SURVEY AND ANALYSIS

1.

Introduction

This section includes the list of System integration problems
which were compiled from several sources categorized and weighted
as to severity.

Background

The main purpose of the UCTS is to detect problems generally
not found until the computer is installed and operational. It
js therefore felt that the purpose of the UCTS is to find those
problems that have previously éone undetected througﬁ qualification
tests, but were then found during system integration testing.

This background led to the different weighting factors which were
assigned to the problem analysis criteria.
Object

The dbject of this survey is tgobtain from several sources,
information which pertains to system problems not normally
detected during final factory Acceptance Testing. Data was
obtained from several sources within the General Electric Company,
from Grumman Aerospace Corporation and from Apollo History
documents. Listed below are the various sources from which
digital system problem data was obtained:

a. General Electric, Aerospace Electronics Systems Dept., Utica, NY
b. General Electric, Ordnance Systems Division, Pittsfield, Mass.
¢. General Electric, Space Systems Operation, Valley Forge, Penna.
d. General Electric, Apollo Ground Support Dept., Houston, Texas
e. Grumman Aerospace Corporation, Bethpage, Long Island, N.Y.

f. Apollo Problem History Repart, compiled by Draper Laboratories
at Massachusetts Institute of Technology.
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Due to the naturé of the information gathered from the above
sources, the specific programs cannot be revealed. Appendix A
contains a complete list of the problems surveyed.

Results of Survey

Table 1 shows the results of the problem survey. It is shown that
the various problems fit into categories with four (4) to eight (8)
individual different problems in each category. These categories

are listed below:

Design Memory Hardware
EMI Noise

Grounding Power

1/0 Software

Within each category there are two subcategories which describe
the problem symptom and the eventual cause of the problem, These
two categories were used to analyze the problem severity and will
be discussed below. It was found that after obtaining data from
more than two of the above sources, the problems started to
repeat. For instance,the problem symptom of "computatibna] errors"
under the category of EOISE was documented twice by the survey team
as shown in Table 1 by the two in parenthesis (2).

Once a Targe percentage of individual problems exhibited similar
characteristics, it became meaningless to continue the survey.

Analysis of Data

Introduction

The data as previously noted was divided into nine categories.
An individual problem, however, because of its complex nature might
appear in more than one category. An example of this is the
“computek stoppage" symptom which appears in the Design, EMI, Noise

Power, software and hardware.
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Several problems were classed in hnre than one category. An
example of this is the case ground to signal ground isolation
problem. This was categorized both in EMI and Grounding. Asra
result, a circled number appears next to this problem. A circled
number next to a problem indicates thét this problem is categorized
elsewhere in Table 1.

Once the entries‘were categorized, it ﬁas necessary to determine
which category:of problems was more severe than others so that
fhese values could also be used for test organization. In order
to determine this. a problem severity concept was adopted using
the following criteria: _

Difficulty of Isolation
Frequency of Occurrence

Mission Critical
Safety Critical

wefghts were assigned to each of the above criteria based on the
importance of each with respect to the objectfve of the study.
The study objec¢tive as pointed out above is to find the optimal
test which will be fhe most cost effective to test the most -
severe problems.

Weighting Philosaphy

Those problems that are most difficult ( and therefore expensive )
to find are the problems that will obtain the most attention by the
UCTS. For this reason, the first (of a final four) problem
weighting criterion was developed. This criterion, termed Difficulty
of Isolation (DI) was given a maximum rating of 10. If a problem
was hard to isolate, jt would receive a BI of 10, if not so difficult,

such as a broken wire, the 0I might be 2.



It was felt that emphasis should be given to problems that
occurred often withié any one category. This frequency of
occurrence concept should be closely tied to difficulty to isolation
as it is only those probiems that are difficult to isolate that are
going to be well documented and, as a result, covered in the
problem survey. The Frequency of Occurrence (FO) criterion was
developed to handle this concept and was assigned a lesser maximum
value of 8. (Not quite as important a criterion as DI but still
an important factor in the determination of relative problem
category "importance"}.

What if two problem categories are rated equal after DI and FO
determinations? There were two criteria that were developed to
be deciding factors in such close cases. If a problem is determined
to be safety critical or critical to mission completion, it should
contribute to the severity of the problem.

In the case of the UCTS, safety criticality or mission criti-
cality of problems should not be a major consideration in problem
severity because it is assumed that those problems which the UCTS
is responsible for finding are problems that would have been
eventually found (after combuter installation but before the actual
mission).

For all these problems that would have been found before the
actual mission, the question of safety and mission becomes
academic, for those problems are assumed to be solved before the
mission and then do not exist during the mission,

For this reason, these two criteria were rated low (not severe)

compared to DI and FO. Safety criticality (SC) was assigned a
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maximum of 4 and mission criticality assigned a maximum of 2;
safety being of greater importance than mission, assuming
manned flights.

Problem Weighting

A1l individual problems within each category were then assigned
a value for DI (from 0 to 10), SC (from O to 4) and MC (from 0 to 2).
From these vaiues an average DI, SC and MC was derived for each problem
category.

The problem category weight then became the sum of the
category's average DI, average SC, average MC and FO. Where the
category FO was the ratic of the number of problems in the category
to the maximum number of problems in any category, multiplied by
the maximum number of problems in any category, multiplied by the
maximum scale rating for FO (8).

The equation used to determine average DI, average SC, average

MC and FO are as foliows:

N, . :
Ior, {10-10); (1)
Difficulty of Isclation 01 = S Lt S
- |
i= .
Frequency of Occurrence Foj = 8 Nj (2)
max
Safety Critical SC. 1 . N {éc._f 0_4"5, 3
y ; T 5371 )_’()
J S
i=1
Mission Critical ‘ MC, = i ) B(MC ”
J Nj 513 ij-{0-2)- (4)
i=1"

Where the subscript j indicates the jth category (i.e. EMI),
Nj indicates the number of problems in the jth category and Np..
., FO.,

J J
SCj and MCJ are the difficulty of isolation, frequency of occurrence

is the maximum number of problems in a singie category. DI

safety criticality and mission criticaltiy, respectively of the probiem

category and DIij, FOij, scij and Mcij are the ith problem in the jth
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category for each parameter. The expression
(a-b) represents the phrase " on a scale of a to b."

The results of weighting and summing are shﬁwh in Table II.
The weighting was a committee effort of hardware digital engineers
and ihe results shown represent a consensus of opinion of those
engineering.

Results of Weighting

Table II indicates that several categories contain critical
problem areas (EMI, Power and noise). The total severity of
weighting for these thrée categories ranges from 16.7 to 17.7.

The next most severe problem categories are shown to be design,
grounding, memory and software with a range of 13.7 to 14.9.

The least severe problem categories are the 1/0, and hardware
with weighting of 11.4 and 7 respectively. The results of the
problem category weighting have no real meaning until it is

used in the test effectiveness analysis.

E. COMPILATION OF SYSTEM TEST AND ANALYSIS

1.

2.

Introduction

This section contains system tests used by manufacturers which
were surveyed in Section D-3 of this study to uncover system
integration problems found after in-plant subsystém acceptance
tests had been completed;' Also contained herein are‘various
tests which are used to assure that the digital equipment meets

design specifications.

Background

As pointed out pfeviously, this study concerns itself with test
practices of digital equipment manufacturers, Since the Military
Standards are well documented, this section of the study
concentrates on tests which the surveyed manufacturers have

imposed upon themselves which are in addition to or parallel with

10
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5.1

those documented in the Military Standards. These tests were

- necessary to uncover those documented problems and to test

specifications unique to each manufacturers digital eauipment.
The object of this study is to compile a 1ist of system tests

and analyze those tests. An optimum set of efficient tests will

be generated as a minimum set of tests to be used by the UCTS.

Results of Survey

The survey resulted in a comprehensive 1ist of tests which
were used by different manufacturers to uncover the documented
probiems listed in Table I of this repdrt. These tests are listed
in Appendix B of this report.

Analysis of Data

Introduction

The first step in the test analysis was to judge the effectiveness
of each test in uncovering problems in each problem category.
Evaluations were also made in regard to relative test expense.
Overall test effectiveness was then evaluated on the basis of
test efficiency, problem category weighting, and test cost con-
siderations. An optimized 1ist 6f tests was then compiled by
combining overall test effectiveness with a mathem?tica] techniaue
designed to compensate for overlapping test Eoﬁerage (redundancy

considerations).

5.2 Weighting Philosophy

As previously stated, the objective is to optimize the test 1ist
for UCTS operation. In order to do this, an analysis of test
quality was made. It is important that the judgment be made on the
lowest feasible 1evé] in order to make the judgmeni as objective

as possible,

11



5.2 Test Weighting

5.4

A1l tests were judged on the same criterion. Each test was
assignea an efficincy rating (E) for each of the nine problem
categories based on a scale ffom D tol. A test would be
analyzed in each problem area by making judgment as to how well
that test could bring about the discovery of computer brob1ems
in that category. The more "efficient" (capable) a test was in
detecting problems in a particular problem category, the higher
(closer to 1) its efficiency rating (E) would be for tha£
category. For example, a test designed specifically for power
problem detection would have a high E for the power category but
probably would have a low E for the memory category because of
jts inability to detect a memory failure of the computer.

After assigning an efficiency rating to each test for every
problem category (nine ratings per test), each_test was given
a cost factor (I) based on 0 to 1. A test deeﬁed relatively
expensive would have a high I (near 1) while an inexpensive test
would have a Tow I. | |

Overall Test Effectiveness

A basis was formulated from which overall test effectiveness
could be made. Effectivness variables included, problem weights,
cost factors and efficiency ratings of each test for every
problem category.

A criterion function was developed to handle these test

parameters in a meaningful way.

12



5.5
§.5.1

The criterion function (CF) developed was:

P e WiE, ;
CFg = 3=1 (5)
1+ Ii
Where CFy = Criterfon function of Test #i
I; = Cost factor of Test #1 |
Nj = Problem weight of problem category #Jj -
Eij = efficiency rating for test #i on problem category #j

This function favorably ranks inéxpensive tests which efficiently
detect a broad range of problem categéries. When tests become
more expensive, or less effective in detection of pkob?ems, or
less effective in their detection of a wide variety of problems;
their criterion function {overall test effectiveness) drops
accordingly. This particular CF gave appropriate significance
of each test parameter to the total evaluation of the test in
question.

. Cost factors, efficiency ratings, and CF's are tabulated in

matrix form for each test (Table III). This matrix also includes .

the partial products Hj Eij for each test in each problem -

category.

Redundancy Considerations

Purpose
Results of Table IIl indicate that Test -#1 (Transient Radiation}

is the best overall test that was analyzed. Test #2 has the
second largest CF but this should not necessarily mean that Test #2

is the second best overall test.

13



5.5.2

There were many.of the proposed tests which would uncover
the saﬁe type of problems. Tﬁerefore,.these tésts wou]dlover]ap
their problem solving abilities. To avoid recommending different
tests that have redundant problem solving abilitles, a technique
was deveToped to decrease intra-test redundancy. o

As an exaggerated examp]e, assume that the f1rst test se]ected
(highest CF) detected all noise and power probiems (Epower =
Enoise = 1-00) but not other type ( all other E's = 0). Also
assume that the test with the second largest CF and Epower =
Enoige = 1-00 with all other E's = 0. It is obvious that with
the best test implemented, the test with the second highest CF
adds nothing to the problem detection ability bf the first test.
It is necessary for optimization to consider and remove the
redundancy between tests already selected and tests stii] being
analyzed. '

Redundancy Technique

After the first matrix was completed (Table 1II) which contains
weights for overall test effectivness for each test, Test #! was
selected as the best test. The-efficiency rétings df.Test #1
were then used as a percentage-of problem coverage for each
respective problem category. |

The efficiency ratings of all remaining tests were then
retabulated (to the nearest hundreth) taking-prob1em coVerage by

previously selected tests into account. New ratings become:

14
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8.7

o
Eij = Byj (- Ej Total)

’
where Eij = new adjusted efficiency rating for Test #i
on problem category #3
Eij = original efficiency rating (from first matri x)
EjTota] = total problem coverage.

This is the sum of the test efficiency ratingé of all ‘previously
selected tests for problem category j. The. test efficiency
ratings used are the ones tabulated for the test at the time it
was selected.

Finalized Analysis Procedure

The first matrix was established as previously indicated
(see Table III}. Test #1 had the highest CF. The efficiency
ratings of this test then became the total problem coverage
(EjTota])' New efficiency ratings were then ﬁsed (as in first
matrix) to form a second matrix to select the second best test.
See Table IV for second matrix. |

The highest CF on this matrix was Test #3. The efficiency
ratings of Test #3 used in this second matrix (Round #2) were
then added to the total problem coverage to form the new total
problem coverage-to be used in Matrix #3 (Round #3). This was
continued until 511 problem categories had a high rate of
being detected.l |

Analysis of Results

Table V is a table of results derived from the matrix analysis.

Each test number appears with its rank after each round of matrices.

The tests were ranked after each matrix (round) completion

15
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according to their CF's. Ranks went from 0 to 36 with O rank
given to the highest CF (Test #f).i After a test was'seleéted,
its raﬁk was frozen 1h'subsequent rounds. This enables quick
examinations to be made from one round to another to detect
test rank shifts due to redundancy compensations.

Notice that between Rounds 1 and 2 there is considerable
shifts in rank, especially in the tests Qith low rank numbers.
For example, Test numbér 8 was ranked 3 after the first round, but
dropped to a rank of 6 after the second round. _

Generally, in the first few rounds, humberoﬂs-kank,thangeé
took place. This was due to the fact that the first few tests
selected caused significant changes in new problem coverage
percentage for the succeeding matrix. Table VI shows thé problem
coverage percentages in each problem area after each round was
completed. Notice how drastically these percentages change over
the first few rounds while by the S5th or 6th rounds, percentage
changes were comparatively minor.

This trend explains why rank changes from the 5th to the 6th
rounds were minor; and as a result of these facts, we propose to
let the ranks of the 6th round stand as a test order criterion
for the tests suggested in this report. This list pfovides a
basis on which an optimum test set can be proposed.

Results of Redundancy Considerations

After six "rounds" of redundancy matrix manipulation, six tests
were selected as the best overall tests to detect the documented

problems. The following shows the accumulated test effectiveness

16



for the problem categories: Design (58%); EMI {91%); Grounding
(60%); 1/0 (66%); Memory (8]%’;_Nofse (88%): Power (77%); |
Software (28%); and Hardware (81%). These test effectiveness
ratings express an anticipated percentage of problem discovery

in the variohs problem areas. fhus, after the selection of the
best six tests, the problem area of software fs still relatively
neglected. In ordér-to add significant coverage to this problem
area, Test #2 (ranked eighth) must be included. This will
increase software coverage about 50%.

This indicates that an optimum set of tests include the tests
ranked one to eight. These eight tests provide a maximum
(approximately 73% coverage) problem coverage for such a 11ﬁited
nﬁmber of tests.

F. BASELINE TESTS

1. General

The following set of tests are recommended as a minimum to
evaluate the performance of a candidate computer. It is suggested
that the following tests be performed to obtain computer performance
baseline. |

The tests are divided into three\sub-c]dsées, each designed to
test a particular test article function,

_The sub-classes are:

Primitive Diagnostic Tests

Computer Functional Tests
Simulated Space Shuttle Environment Tests

17



2. Primitive Diagnostic Tests consist of six tests designed to
discover that part of the computer hardware which may have
failed during evaluation testing:

The Primitive Tests include:
Memory Test
I/0 Test
Arithmetic Test.
External Interrupt Test

Address Modification Test
Complex Instruction Test

a. Memory Test |
The memory -test will consist of wrifing into and reading
from memory through the Direct Memory Access (DMA) port.
The test will include putting through simple data words at
a reasonably siow rate. If tﬁe‘read data differs from the
written data,.it canibe assumed that the memo?ylis not
functioning properly.

b. I/0 Test
This test involves an I/0 transaction through the program
controlled input-output port with memoky interaction optional.
This test is designed to ascertain health of the logic and
software involved in I/0 transactions.

c. Arithemtic Test

This test will ascertain the health of the arithmetic
unit by requiring execution of some elementary arithmetic
functions such as add or subtract.

d. External Interrupt Test

This test will ascertain the health of the interrupt logic
and software and will be accomplished by sending external

interrupts from the UCTS to the Test article,.

18



e. Address Modification

This testé the ability of the software and hardware to
'modify addresses as specified by the manufacturers
literature. This tést involves all the hardware previously
mentioned plus additional registers and control logic for
working storage and conffd] respeétive]y. -This will also
help ascertain the effectivity of the illegal mod{fication
traps. B |

f. Complex Instructions

Once it has been;estab%ished from the above tests that the
computer can execute individual simple instructions and can
modify addresses, then the health of the remainder of the
machine can be diagnosed by requiring it to do complex
instructions (i.e., floating point divide, etc).
Computer functional tests are designed to ascertain the performance
of the candidate computer in comparison to the manufacturer's
specifications. These tests measure -accuracy and execution time
of certain tasks listed below:
Computational Ability
Time Class of Instructions
Matrix Manipulation
Logical Ability
1/0 Efficiency
I/0 - DMA Efficiency
Memory Exerciser
Code Conversion
Math Routines

a. Computational Ability

This test involves high Central Processor Unit (CPU)

usage over a relative1y 1ong time span (minutes). This

18



test is designed to test the computational ability of the
- machine and catch any timing problems that tend to build-up
after several minutes of operation.

Time Llass of Instruction

In order for the computer user to get a workihg feeling fqr
the speed of his machine, some elementary timing measurements
must be taken. The goal of this test.is to time a class of
instructions such 3 general regiSteE. transfer and bit
manipulation. The machine would repeat that instruction
several times. Measurements of speéd of each instruction
would be accomplished by taking the total time for repeated
instruction execution and dividing that time by the number
of instruction executions. This test should be done with
several individual instruction classes.

Matrix Manipulation

!

~ An evaluation technique which requires higB computational
ability and many other features such as shift and bit
manipulation is contained in a matrix manipulation program.
This test will time the matrix program process and measure
1ts accuracy.

Logical Ability

This test is designed to ascertain the ability of candidate
computer to perform shifting tésks, incrementing, 1ist
manipulation and general overhead functions. Time and
accuracy of this program execution will be the measurement

criteria.

20



1/0 Efficiency

A critical parameter from subsystem integration point of

view i$ the.throughﬁput of thé machine at the program
controlled I/0 port. This test is désigned‘to‘evaiuate

that parameter by presenting information at thé.I/D pbrt;

the data will be presented at'a constaﬁt’freQuency ahd the

test article will be programmed to ruh at maximum I/0
frequehcy.,mBy monitoring the data accepted by the test article,
the true maximum I/0 rates can be ascertained. Appendix D
COntains an explanation of this method a1ong with reasons for
its use. |

DMA Efficiency

This test 1s performed in the same manner as in 3{e) except
the computer port now being exercised is the DMA,

1/0-DMA Efficiency

This test invdlves exercising bﬁth I/0 and DMA ports
simultaneously at a changed freqdency to ascertain the
ability of the computer to handle heévy thrdu put loads
on both ports. |

Memory Exerciser

This test is designed to detect memory problems such as

"bit creep" and memory noise in fhe.mainframe memory whether
core or plated wire. The memofj3is exercised at a high rate
with a worse case "noise" pattern‘for the purposes of un-
covering missing or changing bit problems which may occur

under worse case noise conditions.
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Code Convert

NASA expressed a need for conversion of fixed to f1oatjng
point'and‘back to fixed as part of the Space Shuttle

Requirement. This test is destgned to measure the performance

of each individual computer to perform the conversion task.

The test is designed to measure the accuracy and time involved
to accomplish the conversion.

Math Routines

For computers such as guidance and navigation computers,
certain mathematical subroutines must be executed. These
include but are not limited to sine, cosine, arctan and sauare
root. This test will require the execution of these functions

with speed and accuracy as measurement criterion.

4. Simulated Space Shuttle Environment Tests

This series of tests will be used to ascertain the effectiveness

of the candidate machine to handle-space shuttle type programs.

d.

These tests are listed below:

Round Robin Evaluation
Concurrent Jobs

Round Robin

The round robin in the space shuttle vehicle takes
advantage of at least two pi€ces of hardware, the computer and
an external data acquisition unit. The data acquisition unit
is continually polling all subsystem sensors. When changes
larger than a progrémmed delta occur in the sensor status, the
result is stored in a change stack. The change stack contains

both the sensor address and change'daté.
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The computeF softwaré‘system takes advaﬁtage of
the rotating “change“-stack‘with a softwére pointer, pointing
to the lbcation of the hardware pointer. The contents of
the hardware pointer specifies the address-of the last variable
to be written in the stack. This data contained in the stack
is then transferred into main memory and properly acted upon.

In simulation, the UCTS computer inputs data iﬁto
the change stack through the DMA port. The freguency at
which the 1ist is updated is increaséd'at controlled increments.
The number of words which are fed to the change list are
counted by a hardware counter.

The test computer then reads a hardware counter and
the data between the location of the hardware pointer through
the last address to be wfitfen.in. '

Data is checked, sent back to the candidate computer
at a higher rate, being counte& by a hardware counter until
overload bccuts. |

I[f the hardware cdunfer indicates more word transfers
than the stack is capable of handling, an over1oédrcondit10n
results. This point is then recorded as the saturation point
of the round robin program. |

This test measures the ability of the candidate
computer to handle high data rate changes under simulated

space shuttle conditions.
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b. Concurrent Jdﬁs
| Thisrtest involves'the”rbund r6b1n evaluation
coupjed withksimulténéous mﬁthématita] routine execution,
code conversjons and I/0, DMA transactions.. Data for
< computer evaluation includes time and accuracy of inter-
mediétg.resufts as well as %1ﬁal-resu1tsﬂ
G. CONCLUSIONS | |

1. Introduction

The resh@ts 6f the study showéd'tﬁat a set of optimum tesfs
were deneréted to éffectingy detQCt;those docdmént system type
mmﬂam.i B - | -

In addifion, a baseline set of]ﬁests are recommended as a
minimum to assure functional can&fdatE'computer capabilities.

2. Base Line Tests | | " o

The following 1ists the5base-i1ﬁe tésts:

Primitive Diagnostic Tests

Memory

I1/0 Test

Arithmetic

External Interrupt
 Address Modification
Complex Instructfon:

Computer Functional Tests
" Computattomal Ability .
Time Class of Instructions
Matrix Manipulation
"Logical Ability
[/0 Efficiency
[/0 - DMA Efficiency
Memory Exerciser
Code Conversion
Math Routines
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Simulated Space Shuttle Tests

Round Robin
“Concurrent Jobs

3. Recommended Test Set t¢ Detect -documented System Probiems:
Test . _‘ Test #

Transient Radiation
Inadvertant Power Transient
Line Impulses -
Random Interrupt ,
Voltage and Ground Wire Check:
Electrostatic Discharge Test -
Power Line Pulses

Maximum Interrupt Speed

000N W N W —

N

Descriptions of these tests are included‘in_the Test Methods
Survey (Appendix B).

4. Survey Method Effectiveness

The survey should not be considered a final word in testing,
but should be used as a base for test deve]ppment. |

RECOMMENDATIONS

It is recommended that in order to cumb]etely test a candidate
computer for space shuttle applications, the following procedure be
adopted in order to compile sufficient, meaningful data.

1. Recommended Test Procedure.

a. Implement all tests explained,inlsez of this report. Do
these tests in a guiet (noiseless)'room'temperature
atmosphere to obtain ﬁomputer baseline dafa.

b. Repeét 4.1.1 under each of the conditions specified in G-3
of this feport. This will give the computer user a complete
set of daté from which space shuttle aperation can be
predicted. This will also givé the user a detailed analysis of
which environmental condition causes difficulty with the

computer operation.
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TABLE

I

SURVEY OF SYSTEM UIFFICULTIES OETECTED AFTER NORMAL ACGEPTANCE

LESIGN Emr GROUNGING
CAUSE SYMPTOM CAUSE SYMPTOM CAUSE CSYMPTOM
Out of spec Systen failure 1.  Unknown System luck-up Caseground signal Lomputational errors
pulse o _ ground fsolation &  during RF testing
~ 2. GLase gnd Computational . i
Mariinal Computer signal gnd errors quring 2. Multipoint ground Computational errors
cavponagnts stoppage isolation ® RF testing sys tem .
Tiwing Computer - . : :
problen stoppage 3, Bad wmemory Various system 3. Removing ground Bad memory and register dats -
bits caused failures connector induced '
Feripharal Erroneous by transients signal transients
/. f7 caused initfal data _ @ G (2)
XLranaous :
Eulses stured 4, Transients due Bad merory and
Cdn suffer., to connector register data
seseration :
Meiziple 10 ~dump 170 {intentional) @
nroteEssing - channel {2} _
deficiency doesn’t , - -
‘ always execute §. EMI in pawer Bad computer bits

o ‘ supply . :
Priority Highest priority '
intarript | interrupt hogs
lock-up camputer if no

" evel is

achieved
Prisrity - Inadegquate
interrup burst /0
Tack=up capability
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TALLE | (continued)

1/0 MEMGRY NOISE

CAUSE SYMPTOM CAUSE SYMPTOM CAUSE ___StPTOM
Rapia I/0 Trans- Reduced processor 1. Bad bits @iﬁ Various s, ciem unterminated signal Computational errors
actions speed ' failures connector pins {2) :
Rapid interrupt - Reduced processor 2. Low temperature Bad memory Adjacent signal split pulses
seguence speed bit creep data crosstalk o
fericheral on/off Erroneous initial 3. Anbient teup. Bad memory Adjacent signal bad data
caused extraneous data bit creep data crosstalk
sulsaes stored in
puffars : : ‘

4. Adjacent word Bad memory Excessive Cable Bad transmitted data
disturbance data length :

Gesign failure @

Inadequate burst
1/G capability

Signal Transiénts
induced by cable
separation (2)

Relay Noise

Bad data

Computer Stoppage



‘ "able 1 {continued)

POWER SOFTHARE HARUWARE
CAUSE SYMPTOM CAUSE SYMPTOM CAUSE SYMPTOM
i. Power transient Cloek sync V. lImproper Computer -toppage 1. Bad connector Various System Fatlures
modulation Instruction '
Sequence (2) .
' : 2. Bad cables Computer stoppage
Z. Bad namary Various system 3. Programming Computer Stoppage :
bits due to failures errors
powar up and down ' Note: Failure to
3 - test immzdiately
4. lLanguage Reduced processing after power-on
~ selection speed ignores numerous
5. Low prime power Computer faults.
Stoppage 5. Software error Cocmputer acts on
non-legal code
5, Low prime power [ntermittent
failures
7. EMI in power Bad computer

supply

Pawar intarrypt
recycle different
for different

¢huinment

bits

-Bad computer

bits
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r73LE 11 - PROBLEM CATEGORY WEIGHTING (based on Difficulty of Isolation, Safety Criticality, Mission Criticality and Frequency of QOccurrence)

UESIGN EMI GROUNDING 1/0 MEMORY NO1SE POHER SOFTWARE HARUMARE |

P8 ¢ BT SC  HMC | 0f SC M | O SC M | DI SC MC | B SC MC| Ul SC MC | Bl SC MC | DI SC MC | LI SC wC |

1 6 2z o {1 2 of s 2 115 2 t]|7 4 2/ 6 2 1 a 1 1.0 8 2 o) 3 2 gl

2 9 3 1 8 2 106 3 115 2 1|6 3 1| 6 2 1 6§ 3 8 2z 1] 3 2 o0
-3 73 § 3 10 7 3 1i6 2 6 3 1| 8 4 2 & 3 & 2 1

4 6 2 0 7 2 2 3 113 2 0|6 3 1| 8 3 6 3 1 5 1 0

5 3 2 1 7 2 2 3 2 1 302 715 0

§ i 2 7 2 o 5 3 1 3 o2 1

7 25 1 0 ' 5 3 14 7 3 1

2 s 3 1] 7 2 1 1 :
AVE 5.2 2.1 .6 |7.52.2 1 (6.252.75 1[48 2 .6 |6.33.3 1.3} 582811 | 53 2.8 1 164 1.7 a3 2 0!
FO 7 6 4 a 4 8 ) 5 2
WEIGHT 14.9 16.7 14 1.4 14.9 V7.7 16.7 13.5 7 :

-




TABLE III - ROUND 1

- TEST PREFERABILITY

PROBLEM DESIGN EMI GROUNDING 1/0 MEMORY NOISE
WEIGHT (W) 14.9° 16.7 14 1.4 4.9 17.7
_”“”E TEST ¢ 05T _FACTOR E _HE E__MWE E Mt £ ME_ | E MWE E wWE
Fransicnt Radiation 1 1.1 101,49 7 oM.e9 | .2 2.80 .0 .0 .3 4.47 & 10.62
iI-floctrical Field Susceptibility 35 1.3 1 01.49 .2 31| .2 2.8 .2 2.28 |.2 2.498 .2 3.54
.y, Fielc Radiated Susceptibility 38 1.3 11,49 20 3.3 4.1 1.40 1.4 1.1 1.49 A V.77
;i Mag. Fiela Susceptibility 34 1.2 11.49 0 167 | .1 1.40 o114 a1 1,48 N 1.77
£41 Audio & RF Susceptibility 37 1.2 101,49 .2 3.4 0o 0 1114 a1 1,48 .2 1.54
Line Tunulses 2 1.2 d01.89 4 6,68 | .1 1.40 .2 2.28 {.3 497 .4 7.08
tvt Transient {(spike) on power lines 36 1.4 .1 1.49 b 1.87 0 0 0114 {1 149 T 1.77
[n3dvertant Power Transient 3 1.6 .2 2.98 a0 1.67 .1 1.40 .2 z.28 .2 2.98 .1 1.77
Puwer Line Pulses 4 1.6 d 1.49 20 33401 140 Lo1.14 .2 2.98 .2 3.54
Cable Bundle 5 1.4 L 0 .3 5.01 | .1 1.40 1.4 |2 2.98 .3 5.31
. ltage & Ground Wire Check 6 1 .11.49 Q0 167 | .3 4.20 0 0 11,49 | 1.77
i32illater Cneck 7 1.5 2 2.9 0 0 0 G g 01014 0 0 0 ]
Tlestrustatic Uischarge 8 1.2 d01.49 30500 4014 40114 2 2.98 .3 5.31
Syike o1 Ground 14 1.2 .1 1.49 2 3,34 .2 2.80 A o140 1) 1.49 A 1.17
randon [nterrapt 9 1.3 .2-2.98 0 0 0 0 .4 4,58 1.3 4.47 0 4
Tenp. variatisn vs Molsture 10 1.0 .2 2.98 0 0 0 ] 0 0 0 0 0 ¢
Geertecnerature Response 1 1.2 101,49 0 0 0 D Jdo1s 1 01,49 0 0
Tiree Phase Unbalance 12 1.5 d01.49 0 0 a 0 Qo146 0 1,48 o . 0
.. wer Transionts & Switch Toggies 13 1.2 101.49 Q0 1.87 ¢ .1 1.40 O e 1 1.4 o1 1.77
*1x. Interrupt Speed ‘ 26 1.5 . .2 2.98 0 0 0 0 .3 3.4 [ 1.49 0 0
21 -1nus/Output Tnreshold 28 1.7 0 1.49 3 5.00 .2 2.80 .2 2.4 0 0 30 5.3
t4I-Caissions from Computer (time) Z9 1.3 Jd 0149 20 3.34 ] ) .40 o 0 g 0 0 ]
“4l-Enissions from Computer (Freg.) 30 1.7 01,49 2 3.3l v 1.40 0 c o 0 0 Q
Tl - Static Residual,Resultant Fields{ 31 1.2 ¢ .0 20 3.38 ] .Y 140 0 0 0 0 b 1.1
1. fizld from Computer i3 1.5 101,49 20334 . 1.4 0 0 0 0 .2 31.54
vi3, Fiz'd Radiated Emissions -39 1.3 .1o1.49 1 1.87 0 0 0 0 ¢ 0 " 1.17
27 §uszapribility on Power Lines 40 1.2 1oL g0 .67 o 0. ¢ 0 o 0. J 0 L7
Zzhe Check 42 1.2 0 ] 0 0 0 0 .2 2.73 |.6 8.94 0 0
Poser Interrupt ‘ 43 1.8 o 0 0 0 o 0 0 0 1 1.49 0 0
Circuit rotuct on Test Connectors 44 1.1 101.49 G 0 .1 1.40 0 ] 0 0 0 ()]
sy Sum (neck ’ 45 1.6 0 0 0 0 0 0 .2 2,28 |.4 5.96 | a 1)
“a ory Protect Verification 46 1.2 0 D 0 0 0 0 0114 | 1,49 i 0
1/0 Speed & Buffering 47 3.2, = 1 1.49 0 H ] 0 .3 3.2 6o 9 0 0
Random Bit word generator .48 1.2 .7 11,49 0 0 D 0 0 O §.1 1.49 0 0




TaiiE 111 - RCUND YV {continued)

X
A

s
F

iransfent Radiation

v

i
.

g

[

Line [Lpulses

fower Line Pulses
Cable Bundle
Goitlator Choegk

S.ike on Ground
raduw Interrupt

Iohu Criegh
pwer Interrupt

“omory Swn Check

POWER SOFTWARE { HARDWARE
16.7 13.8 7

NEST # E WE E ME E HE WE F RAKK

1 2 3.34 o o 0 0 34.4) 31.282 1
flectrical Field Susceptibility 35 0 0 o 0 Jd 070 i7.13 13.178 6

. rial Radiated Susceptibility 38 0 0 0 Q G 0 10.63 g.176 17
i May. Vield Susceptibility 34 0 D G a . .10 9.66 &.050 18
Yyl Asdio & RF Susceptibility 37 .2 3.34 0 ¢ ] ] 14.34 11.950 "
' 2 Jd 0 1.87 0 0 0 0 26.07 20.832 2

“ Trans‘ent (spike} on power lines 36 .2 3.3 0 Q g0 .10 11.60 £.266 16
Ir :dvertant Power Transient 3 .6 10.02 L0 12351 40 70 25.15 15.719 4
4 5 B.35 . d0 135 0 .70 24.29 15.182 5
5 d 0 1.67 0 0 N 70 18.2} 13.007 8

voltage o Ground Wire Check 6 11,87 0 0 .30 2,10 | 14.33 13.032 7
7 0 ] {0 0 n it 4.82 3.213 u

Ciectrastatic Gischarge 8 10 1087 Q 0 B B A1 19.70 16.416 3
14 1 167 0 0 . .70 14.40 12.020 10

9 0 0 .2 2.700 .2 1.40 16.11 12.392 9

Te.p. variation vs. Moisture 10 a0 1.67 0 ] .2 1.40 6.05 €.05 24
(uertennerature Response 11 . Y . 1.357y .1 .70 7.84 £.533 23
.~ee Prase Unbalance 12 A 1.67 0 0 .70 6.49 £.327 28
Foser Transiznts & Switch Toggles 13 .2 3.3 0 ¢ 10070 13.00 1C.833 -12
. Interrupt Speed 26 ] 0 .3 4.05%1 .2 1.40 13.34 g.E93 15
Ingut/OQutput Threshold 28 .0 0 ¢ 0 .10.70 17.59 10,347 13
£2f-Emissions from Computer (time) 29 10187 0 0 Q.70 8.60 6.615 22
Mi-Caissions from Computer (Freq.) 30 d 0 1.67 ] 0 B 8.60 5,508 26
1 - Static Hesidual, Resultant Fields| 37 001,67 0 ] g 0 8.18 6.816 21
Tui-E fiela frowm computer i3 0 0 .0 0 a0 L10 10.47 £.%20 19
oy, Field Radiated ‘Emissions 39 0 0 D 1] 9 0 4,93 3.792 33
= Suzcertibility on Power lines ap .2 3.34 0 0 0 0 8.27 6.891% 20
42 0 0 0 0 0 o0 11.22 5.350 14
) 43 3 5.0 .1 1380 0 O 7.8% 4.361 27
Sirquit Protr:t on Test Connectors 44 0 Q 0 0 2 01.40 4.29 3,960 32
45 0 0 0 1] 0 0 B.24 5.150 25
“.oary Pratect Verification 46 boo1067 0 0 1070 . 5.00 4,167 30
.1 Spoea & Duffering 47 G e] o o g 9 4.9 4.092 31
Fingor bit word generatar 48 0 0 101,381 L TG 5.03 4.192 29
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TaLiE IV - ROUNL 2 - TEST PREFERABILITY

PROBLEM DESIGN EMI GROUNLING |  1/0 MEMORY KOISE

WEIGHT{M) 14.9 16.7 14 1.4 -14.9 i7.7
KA - tesT # | TcosT FACTOR E_ME E__WE E__ME E_MWE L E__ME E_E
Transient Radiation . .7 .2 0 .3 .6
"'-Elﬂctrical Susceptibility 35 I | L3 1,34 1.5 1,00 06 2.24 .2 2.281.14 2.081) .08 1,82
- Field Radfated Susceptibility K} 1.3 09 1,38 1 troe ] .08 192 1018 1,07 1,04 | .04 g
Lul “e" Fleld Susceptibility 3 1.2 09 1.34 J L3 501 .08 1.12 1 .14 1.07 1.0 .08 .
€41 Audio & RF Susceptibtlity k1) 1.2 09 1.4 .06 1.0 |0 O o114 (.07 1.08 | 08 1.82
Lina Irgulses 2 1.2 - 09 1342 2.0 | .08 1,12 .2 288121 3.2 ) .16 2.8
i¥l Trarsiznt {spike) on power Yines 36 1.4 09 134103 506 0O ] .1 1.}47.07 .04 .04 i
Inadvsertans Pouer Transient 3 1.6 W18 2,68 | .03 .50 | .08 1.12 2 2.28 1.v¢  2.03.1 .03
Fower Line Pulses 4 1.6 .09 1.34 | .06 1.00 | .08 1.12 Jd 118174 2,08 [-.02 1, &2
Cable Zundle 5 1.4 0 0 09 1.50 | .08 1.12 ¢ .Y 1.4 (.14 2.08 22 14
voltaze X Groung Wive Check 6 1.1 .09 1.3%4 1.03 .50 | .24 3.36 ¢ 0 |07 1.04 ]
Dsciilatar hack ‘ 7 1.5 18 2,68 0 0 0 0 1 Lo ¢ 1 0 by
flectrustaiic Discharge ] 1.2 .09 1.24 1.05° 1,50 .08 1.12 1o e 2.08 12 2.6
Spike on Groung : 1 1.2 .09 1341 .06 1.00 { .16 2.24 | .1 1.14 fo7 ro0e | on-. =1
Rando: Interrupt 9 1.3 Je ze2 {0 o {0 .0 4 456 .21 31200 0
Temp. variation vs Moisture 10 1.0 a8 26210 o oo 0 o 0 o 0
Overtc.zarature Respnnse _ 3] 1.2 g8 26210 o0 o0 o d1slor 1o4ai{o0 o
Tarée Prase Unbalance e . .09 1Mo o - |o of S0 1e 07 1od o 0
Power Transfents & Switch Toggles Nty {E L .09 1.34 [..03 .5 .08 142 J.1.04 (.07 1,08 004 N
Yax. Interrupt Speed | 26 © 1.5 .8 26810 0 |0 .0 {1 .3 3.42[.07 104 }0 e
EMl-1nout/Cutput Threshold {28 1.7 T.09 1.34 | 05 1501 .16 2,24 2 22800 o A2 2,18
El-Enissicns from Computer {time) -~ {29 1.3 0% 1.34 | .06 100f 08 L1200 0 e 0 0 0
Z#1- Emissicns from Camputer (Freq) 30 1.7 .09 1.34 | .06 1,001 .08 392 ] -0 6 -0 0 .0 0
EM] - Static Resfdual, Resultant Fialds 31 - 1.2 0:- 0 .06 t.o0} .08 11216 0 0o O | N
£11-E Field fron .Computer 33 1.5 09 1.3 | .06 1.00] .08 112} 0.0 o 0O .08, 3.42
Mag. Fiold Radiated Emissions 39 .2 0% 1.3¢ .03 .50 J]Oo 0 Hl o .0 o 0 S S
£F Susceptibility on Power Lines 140 1.2 09 1,3-1.03 50 {00 L) 00 g o ".D& T
Zche Check o 14 1.2- 6 & |0 0 {0 O | .2 2.28}.42 £.26 [0 0
- Power Interrupt 43 1.8 0o 0 0" 0 0 0 . 0.0 07 104 (0 9
Circuit Protect on Test Connectors | 48 - 1.1 09 1.3 |O O .08 -1z 0 0 g 0o |0 ¢
Memory Sum Check 145 1.6 o0 o fo 0. 0 0. .2 2.26 (.28 4070 - o0
_ Merory Protect Verification -1 46 1.2 .0 0 0 0 0 ] A 1,14 1,07 - 1.08 | 0 0
1/0 Speed B Buffering P 47 1.2(7) 09 1.34 |0 0 0 0 .3 3.42 10 0 0 o
Random Bit Word Gemerater 48 1.2~ .09 1.3 {0 0 0o 0 ¢ o 07 10| o 0




185LE IV - ROUND 2 (contfnued)

33

POMER SOFTIVARE | HARDWARE
16.7 13.5 7
HEHE TEST # E_ME £ _WE_|E WE WE CF RANK
Transient Radfation 1 2 0 o Evotal 1
iri-Electrical Field Susceptibility 35 0 0 1] a A .7 11.06 8.502 B
Mig. Field Racfated Susceptibility 8 ] 0 0 0 G 0 6.35 4.885 20
£ Mag. Field Susceptibility 34 0 0] 0 0 2 T 6.55 5.458 18
gt Audic & RF Susceptibility 37 6 2.68 0 0 G 0 8.62 7.183 12
Line Impulses 2 .08 1.3 4] 0 0 0 14.05 11.708 k|
tMl Transient {spike) on power lines 36 .16 2.68 0 "} I g.Nn 5.7¢3 17
[radvertant Power Transient 3 .48 B.07 g0 1.3 | 7 19.49 12.181 2
Pzwer Line Pulses ) .40 " 6.73 Jd 0 1.3 1 7 16.88 10,550 5
Cable Eundle 5 .08 1.3 0 1] .1 A 10.02 FALY 13
Vi1tage & Ground Wire Check § .08 1.34 0 0 3 2.0 10.39 9.445 7
Oscillatoe Check 7 1] 0 0 0 . .7 o 4.52 3.003 a3
flactraostatic Discharge 8 .. 1.34 0 0 g7 11.26 9.467 6
Scine on Ground 14 0% 1.3 0 o 1.7 9.5 7.92% 10
fandcin Interfupt 9 0 0 2 2.7 1.2 1.4 14.46 11,123 4
Temp. Variaticn vs. Moisture. 10 .08 1.34 0 i} 2 1.4 5.42 5.42 19
Givertesperature Response i1 .08 1.4 Jd 0003 [y L7 8.25 5.875 18
Thrée Phase Unbalance 12 .08 1.34 0 0 a7 5.5 3.707 26
Power Transients & Switch Toggles 13 .16 2.68 0 ¢ a7 9.23 7.692 il
I'ax. Interrupt Speed . 26 0 ¢ .30 4.06 L2 1.4 2.59 8.393 ‘9
€120 Input/Qutput Threshold 28 0 0 0 0 A7 10.20 6.000 16
£-l-Eaissions from Computer (time) 2% .08 1.34. 0 0 a7 5,50 .23 22
E“i-Emissions frem Computer {Freq.) |- 30 .08 1.34, 0 0 I I 5.50 3.235 32
El-Stecic Residual, Resultant Fields| 31 02 1.34 0 0 0 0 4.17 3.475 1
£1-E field from computer 33 0 0 ¢ 0 a7 5.58 3.720 25
t25. Field Radiated Emissions 39 ¢ . 0o 0 g 10 0 2.55 1.5862 34
RF Susceptibility on Power tines 40 .16 2.68 0 ] 0 0 5.23 4.358 21
Echo Check 42 0 L 0 0. 0 0 8.54 7.117 1L
poser Intirpupt 43 .24 4.03 1 1.3 o ¢ 6.42 3.567 28
£ircuit Protect on Test Connectors a4 0o D N, 0 .2 1.4 3.86 3.509 30
meaury Sut Check 45 a -0 0 )] 0 0 6.45 4.031 23
Merory Protect Verification 46 .08 1.3 0 0 1 L7 4.22 3.517 29
-1/0 Speed and Buffering 47 0 0 0 0 1} 0 4.7€ 1.967 24
kandoti bit word generator 48 0 0 Jd 01,35 1.y 7 4.43 3.692 27




TABLE V - TEST PREFERABILITY RESULTS AFTER 6 ROUNDS

TEST # ' RANK AFTER ROUND #

1 2 3 4 5 6

1 *] ] 1 | 1 )

35 6 8 7 9 9 9
38 17 20 18 20 20 19
34 18 18 17 16 16 16
37 1 12 16 17 15 15
2 2. 3 *3 3 3 3

36 16 17 1919 19 20
3 | 4  *2 2 2 2 2

4 5. 5 8 .7 6 7

5 8 13 1 13 12 1

6 7. 7 5 5 . %5 5

7 . 34 33 2 29 30 30

8 ‘ 3 6 6 8 7 *g

14 10 10 10 10 10 10
9 9 4 4 *4 4 4

10 24 19 20 18 17 17
1 23 15 15 12 13 13
12 28 26 29 26 28 29
13 12 N 13 ) 11 12
26 15 9 9 6 8 8
28 13 16 14 14 14 14
29 22 22 23 23 21 21
30 26 32 30 30 27 28
31 21 31 28 32 26 26
33 19 25 22 25 23 22
39 33 34 34 34 34 34
40 20 21 27 28 25 25
a2 14 14 12 15 18 18
43 27 28 33 33 31 3]
a4 32 30 26 21 22 23
a5 25 23 21 27 33 33
46 30 29 3N 31 32 32
47 31 24 24 24 29 27
48 29 27 25 22 24 24

* Indicates test selected in a specific round

Indicates test previously selected
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TAELE VI
EFFICIENCY RATING ACCUMULATION

AFTER ROUND # DESIGN EN { GND | I/0 | MEMORY NOISE | POWER | SOFT, HARD,
1 A 7 2 0 3 6 .2 0 0
2 .28 g3 e | .2 .44 .64 .68 1 1
3 .35 .85 | .35 | .36 .62 .78 71 RE 1
4 .48 8| .35 | .6 .73 .78 Na .28 .28
s 53 | .87 | .55 | .62 | .76 .80 74 | .28 50
6 .58 91| .60 | .66 .81 .88 77 .28

.55



[1.  UCTS BASELINE SYSTEM DEFINITION
A. INTRODUCTION

The UCTS system‘philoSOphy is to de#e]bp'é hachine-ﬁhich‘is capable

‘of testing aerogpace.comphtérs whith eyentua11y-wi\1 be integrated into
the space shuttle systbm. Preseht]yﬁthe‘envirbnmenﬁ and operational
characteristics of the spaée shuttle Are not well defined.' The candidate
aerospace computers are also, in some cases to.date;'ﬂqt'wéT1 défjnedl
The development of the computer tester, then, is dependent upon the
accuracy of the interface specification available to GE/AESD during the
design phase.

| Specifications for such a machine with these constraints calTs for
a highly flexible, easily operated and low cost GSE machine. See Figure II-
1 which is the block diagram of theAproposed‘UCTS.

“-B. SYSTEM FLEXIBILITY

As a minimum, the Eestér (UCTS) must have the following flexibility
features: | |
Programmability
Modular Software
Flexible Peripheral Devices
1. Programmabilfty |
The UCTS should, as a miﬁimum; béiab1e to‘perform the functions
recommended in the prdb]em test sufﬁé}‘peport. It is anticipated,
however, that.when testipg'actualTy beings, additions and modifications
to the recommended test functions wi]i be required. This, then,

requires that changes to the test functions can be made with

minimum difficulty and maximum cost efficiency.
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A way to makq thé machine flexible is to make it programﬁab]e.
Programmability directs one into the area of computers. Since
there is a choice of many miniﬁcomputeré.avaflable.in.tcday's
market at relatively low cost, a miﬁi computer with satisfactory
peripheral interface abi]fty is recohmended. |

One then looks at the programmability of the combuter to assess
its flexibility in software and hardware.

Modular Software

The goal here is to design software modules which.are independent
entities but can be interfaced one to anothér. If changes are
needed from the basic program philosophy, tﬁe user then does not
have to rewrite the total operational program, but rather,_just
make medification to those affected modules. Modular software is
software which is partitioned in such a manner that maximum changes
cause minimum cost. The baseline UCTS software modules are shown
in Figure II-2.

2.1 Interface Lénguage

This is the language that is needed to interface the user
to the machine and the machiﬁe back to the user. This language
is necessahy-So that easé.df machine operation can be maintained
and operator errors can be minimi:ed._‘ |
2.2 Up Link o
This software module is designed to transmit commands
and data from the UCTS computer to the‘teét article and the

test articie interface.
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2.3 Down Link
This software module is designed' to recefve‘ihformation
from the test article and test article interface.
2.4 I/0 Routine _
This software mb@yle communicates between the up link,
down link and peri&%era1s for the purposes of inputting and

outputting data to peripheral devices.

2.5 Error Processor for UUT (Unit Under Test)
The error processor communicates to the UCTS user that

there are operational problems in the UUT. (test article).

2.6 Fault Processor for UCTS
This modu]é processes and isolates faults which may Sccur
in the tester system. .
2.7 Self Test
This module containsrtest and diagnostic-programs
which are used to test the Hea]th'of the tester electronics
and diagnose any failures. |

Flexible Interface Devices

Flexible interface devices shall be chosen such that major changes
in test procedure or test philosqphy can be handled with a minimum of
hardware MOdiffcations. Such.dgvices include keyboard, card reader,
or magnetic tape inputs and printér~or hard copy -outpﬁf‘as a minimum.
Devices such as 6perator's panel input (code in binary) paper tape
etc., have serious f]exiﬁility Timitations as input devices.

- Qutput devices such as binafy 1ights, nixie tubes or CRT also exhibit
limitations because, for instance, they allow no permanent record

and in the case of binary light are_d1ff1cu]£ to interpret.



C. EASE OF OPERATION o

1. General
In order for the UCTS to be useful-as-a test vehicle, the user
must be abie to grasp its operation and interface to it with
minimdm of {rainihg} Onceltrained; the user should be able to use
his tools efféctiveij‘ﬁithOUt difficulty or constant retfaining.
This-then ne;essitates'a requirement -for a?man-machine language
which is-easily.@sable and does not need consiant debug. This
also means that thg hakdware with,which the qpera;qr‘interfaces
also is easify used. | |
As a minimuh; the machine shall contain the following features
to be easily operated: )
. Man-Machine Interfacé
. Input Device

. Qutput Device
. Well Defined Test Article Interface

a. Man-Machine Intérfate
This jtem was discussed in Section B, 1tem 2.1,

b. Input Devices

This covers the area of both man-machine interface and the-
data 1nput.interface. |

For ease of operation, at a miﬁimum, the input'device should
be a keyboard accompanied by the aﬁéoﬁiate software conversion
(described in Section B, Item 2.1). Other items which would
help in overall functionaimodifications would be a.card reader.
This device allows the opefator to modify his test program

very easily by modifyihg only those affected cards.
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-In the area of data énd program storage, a preliminary
estimate of total necessary memory is-BK. Most mini-
computers ére~equipped with at.Teast 8K of mainframe
memory and some Qith expansion cépabi]ity.

If, as more détaired.définition'df test functions become
available it is found that_additibna]lmemOry is necessary,
expansion of the mainframe as well as disc or magnetic tape
should be considered. |

. Qutput Device

The output devices could consist of a multifqde of:devices
from binary readout Tights to Jinésprinters."ObviousTy_the
'binary 1ights are the most cQSt'efféctiQe approach in terms of
hardware cost. From the sfandpoint-of'user ease and errorlesé
permanent record-keeping, However, the printér is the best choice
and is recommended herein. Another device which makes the
machine easily used is a CRT display. . This device is not
necessary for ease of operation but would help in troubleshooting

and test modifications.

Clean Test Article interfaces

Probably the aréalfn_which‘troub?e occurs most frequently when
a tester such as UCTS is being'Specified,_is the ares of test
article interface. This area should be carefully considered as
tHe tester is being designed. Since the UCTS is to test at least
fdur 32 bit aerospace computéfs, four separate interface§ should
be Euilt, one for each test.article. These interfaces shall be
so well defined that there would be no requirements for

modifications necessary to interface any of the four test articles.
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GSE MINIMUM REQUIREMENTS

To mainta1n‘a'cost effeétiye-design.'a search for operating,
in-place equipment must be made. Once'the‘equibment is located, a
study into the requirements necessary to hodify that equipment
for computer testing must be made. Cohsiderations.as to avaiTability,
ease of use, flexibility should also be made. | -

The search for GSE equipment then centers around the following:

Low cost with flexibility .and operational ease.
1. Low Cost
The general specifications outlined in the flexibility

and ease of operatibn area are éxpensive unless the equipment

is in pface and operatibna]. Modificatiqn of the existing

equipment is quite cost effective if the changes are minor and

a good understanding of the equipment is made at the outset.

In order to keep low cost, therefore, there aré two choices

(1) compromise on the previous specifié actions and live with

less than stated minimums or (2) usereiisting hardware that

closely matches those stﬁted specifications. Both alternatives

should be explored.
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III.  SYSTEM TRADEQFF

A survey of GSE which would be available at NASA-MSC to be used for

UCTS includes the following:

- NOVA Model 1200
DDP-516
POP-11

- 4PI-EP -
UTE

A. NOVA 1200

The NOVA 1200 is-a:mini~computer madé by Data Gehera],'seVera]

of which are available at NASA.

The use of the NOVA as a candidate for the UCTS computer deserves

the following considerations:

1.

Advantages
1.1 Low cost since it is avajlable at NASA - MSC.

1.2 Programmable

Disadvantages

2.1 No modular test software written.

2.2 A1l interfaces to the test arﬁic]e including interface
control must be designed.

2.3 No man-machine interface software written.

2.4 Limited input device-capabi}ity,'te!etypewriter.only.

2.5 Limited output devices, intéffaced to a teletypewriter only.
2.6 The machine is unfamiliar to both NASA and GE personnel, «
which means extra expense would be incurred to learn the

machine. B

Recommendations

Bécause of the overwhelming diadvantages of the use of the NOVA
processor in UCTS, the NOVA was mutually rejected by both GE-AESD
and NASA-MSC during the 9/20 to 8/22/72 visit.
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DOP-516

The DDP-516 is a mini-computer made by Honeywell, one of which
is available af NASA-MSC. The use of the DDP-5T6 as a candidate
processér for the UCTS compuéer deserves thg fo]iowinq considerations:
1. Advantagéé | |

1.1 Low cost since it is available at NASA-MSC.

1.2 Machine familiarity with the personnel at GE-AESD.

1.3 Programmable | h
2. Disadvantages

2.1 No modular software written for testing computers.

2.2 All interfaces to the test article including interface

control must be designed.

2.3 No man machine interface sofﬁware wfitten,

2.4 No available peripherals interfaced td cgmputer.

2.5 There is only one machine and the;avai]abi]ity is in question.

3. Recommendation

Because of the overwhelming disadvantages, the use of the DDP-51¢
has been rejected as a possible candidate for use in UCTS.
PDP-11
The POP-11 is a computer made by Digital Equipment Corporation and
will be supplied with the SKC 2000 Singer Kearfott Aerospace Computer
and be used as a peripheral intefface. Carefui consideration then must

be given for the use of the PDP-11 in the UCTS baseline system.

1. Advantages

1.1 Programmable
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1.2 Interface to peripherals both input and output devices is
designed and built. Software is also written tb control
the device. |

1.3 Inierface to oné of the candidate computers, namely the
SKC-2000 is complete and working.

2. Disadvantages

2.1 No modular test software has been written including man-
machine interface language whicﬁ Timits flexibility

2.2 Questionable availability of the POP-11 for use in the UCTS in
the time period of interest (from January to June 1973).

3. Recommendations

The PDP-11 was rejected as a candidate.computer‘to'be used in
UCTS because of lack of residentrtest‘software énd quesfionable
availability. |
This hardware could, however, be used as a back-up if an
emergency causes reselection.' However, this'wduid significant}y
increase software costs.
D. 4PI-EP
This computer madg by IBM is presently working in a test setup
at NASA-MSC. It has limited peripherals, written test software and
is well known to NASA and GE personnel. The following careful con-
siderations were made on the 4PI-EP as a possible candidate for UCTS.
1. Advantages
1.1 Programmable.
1.2 The 4PI-EP has modular test software written; but must be
modified in order to be usable for UCTS.
1.3 There is some interface contko] togic built and working for
the present test configdration, different however than the

UCTS configuration.
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1.4 There is a limited sét of manfmachine software written
but must be modified for the UCTS‘applications.

1.5 .Thé 1npuf and output peripheral devices,'inciuding
controllers, are s@fficient for the UCTS project.

2. Disadvantages

2.1 The availability of the 4Pi-EP ié in_questioh for the time
pericd of interest (January to June 1973). _ | |
2.2 Even thought the 4PI-EP has much software Written and is
very familiar to NASA and GE, it was felt that the
machine, in general; was difficult fo‘use and was generally
unreliable. Past history has proven that this machine and
its peripherals require more than averaée'maintanence.

3. Recomnendations

The 4PI-EP was rejected as a possible candidate for use in
UCTS because of the guestion of availability and the past
unreliable operational performancé record.

UTE (Unified Test Equipment)

This equipment is more than a computer and peripheral, it is a
working hardwaré-software test system designed to check aerospace
Line Replaceable Units (LRU's). The UTE is designed with modular
software and hardware with flexibility and ease of operation as
prime considerations. The UTE system deserves the f0116w{ng consider-
ations: |
1. Advantages | |

1.1 The UTE has modular software written, most of which is

working. The modules consist of an executive softwére

module called Basic Operating System Software (B0SS).
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Within this executive supervisor there are the fo]]bwing
sub-modules:
Intérface ~Vinc]Uding'up 1ink and down 1ink
System Control :
Operators Interface (Interface Language)
. Display -

Programmability

The UTE has a META 4 commuter in which BOSS resides which
is obviously programmable. In addition, both the commands
to the test article and the responses'frbm'the.test article
are routed through programmable periphe}al processors.

Interface Modules

The UTE contains the following interface modules:

Two keyboard-CRT consoles
Two Wagnetic Tape Transports
One cisc storage

Line Printer '
Distribution Multiplexer

Man-Machine Software

Man-machine softwaré is part of the BOSS executive program
which interprets the keyboard inputs. An assembler 1is
also availab1e. |

Input Devices

The input devices for each of'dperation include two keyboard
CRT consoles. One for control disﬁiay and the other for data
display. | |

In additioﬁ, dfsc; and magnetic tépes are 5upplied for data

base input or storage and program.starage.
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1.6

1.7

1.8

Output Dev1ces

The UTE has the capab111ty for 1nterfac1ng to a 11ne prTnter

or CRT image copier. The UTE also has,softwqre necessary to

properly format output information so that interpretation
is made with ease.

Test Article Interface

The test article will be interfaced through a Aéquisitfon
Command Module (ACM). As a baseliné, the interface will be
through the 32 bit parallel bus 1ines of the command formatter
sequencer and response formatter which are contained within
the ACM. It is assumed that a minfmum amount of interface
electronics will be necessary to connect the test articles
to UTE.

Low Cost

If UTE were selected as the system for testing computers

under the UCTS project, total cost can be held to a minimum.

Since all basic test and peripheral interface software is in

place, only modifications thereof are necessary .to specifically

test computers. The hardware, including peripheral controllers
and programmable test article interfaces are in place.

Additions to the hardware for testing computers include
individual computer interfaces, power supry for the computers
and air cooling equipment. This‘then decreases the need for
major design effort of new test hardware and necessary software
which decreases overa]l cost |

Cost efficiency can then be gained by using the UTE system

as the major portion of the computer test project.
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1.9 The machine is very familiar to GE as well ‘as NASA bersonnel
and documentation is excellent. |

Disadvantages

The UTE schedule for testing other LRU's may interfere with the
computer test effort. A mutual GE/NASA'égreement was made that
NASA would build a schedule such that the UTE could be used for
both computer testing and other LRU testing.

Recommendétions

Because of the overwhelming advantages of UTE and its close
correlation to the system goals, the selection of UTE as baseline
hardware to be used for UCTS is recommended. If problems arise,

the PDP-11 system shall be used in a back-up situation.
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TV.

SYSTEM DESCRIPTION
A. INTROUDCTION

The use of Unifiéd Test Equjpment-(UTE) as the prime hardware
for the UCTS project involves hardware and sqftware‘qdditidns. This
section describes the tester system, emphaéiiing areas in which_
hardware, softwafe modifjcations and/or additions are required.

1.0 HARDWARE APPROACH

The UTE hardware sy;tem is shown in'FiQure IV-1. As shown,
this syétem is modular which makes additions and modifications
relatively easy.' It has been determined that the best place to
1ntefface to the UTE for the purposes of testing computers is at
The Acguisition Command Module (ACM); specificai}y, at the output
of the Data/Command.Distribuﬁor {DCD) and the input to the Input
Data Multiplexer Router (IDMR) as shown in Figure IV-2. At this
location, adabter.modu1es are'interfaced to the UTE in the
current CTTB configuration for the purposes of intérfacihg to
serial data buses.

According to the UTE documénfation, thereare provisions
made to attach up to eight adapfer-modu}es in‘the current con-
figuratioh. fhére are currently'two-adépter modu1e'channe1s
comitted, which leaves six for other test functions. 'Appenaix E
contains a brief description of the UTE hardware. '

Therefore, GE/AESD proposes to desigﬁ ahd build ne# Computer
Adapter Modules (CAM), for the purpoééé of cohpdter_test.' A CAM
will be necessary for each different airborne computer that is

scheduled for test.
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BASIC OPERATING SYSTEM SUPERVISQR (BOSS)

THE BOSS ENCOMPASSES ALL SOFTWARE NECESSARY FOR HARDWARE INTERFACE,
SYSTEM CONTROL, OPERATOR INTERFACE, DISPLAY PROCESSING, JOB CONTROL
AND FILE MANAGEMENT

ACM

ACM INCLUDES ALL SOFTWARE REQUIRED FOR THE UTILIZATION OF THE
RESPONSE FORMATTER (RF) AND THE COMMAND FORMAT AND SEQUENCER (CF&S)

TEST OPERATOR SYSTEM (T0S)

TOS INCLUDES ALL SOFTWARE REQUIRED FOR THE IMPLEMENTATION OF AN
INTERPRETATIVE TEST LANGUAGE (ITL) CAPABILITY WHEN APPLIED TO A
REAL TIME OPERATING SYSTEM. . :

- SELF EVALUATION SYSTEM (SES)

SES INCLUDES ALL SOFTWARE REQUIRED FOR A SYSTEM ORIENTED CHECK OF
HARDWARE DEVICE OPERATIONAL STATUS

FIGURE IV-3. UTE SOFTWARE MODULES
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1.1

Software Approach

-Figure IV-3 shows the software modules current]y implemented
in the DCM and ACM modules. The computer test function.requires
additional test programs to be generated.

The possible areas of software which may be affected include
ACM and TOS and SES, each of which must be added to and/or
modified for fhe purposes of computer testing. Appendix F contains

a brief description of the present UTE software.

B. HARDWARE DESCRIPTION

1.0 COMPUTER ADAPTER MODULE (CAM)

1

.1

The CAM is illustrated in Figure IV-4. The CAM will consist
of a Command: Controller Decoder {CCD), a Direct Memory Access
Controller (OMAC) and a Data Bus Controller (DBC).

The CAM is designed to properly control the signal interfaces
shown in Figure 1V-5. (GE - GEMIC - CP-32 interface is shown).

Command Controller Decoder {CCD)

The function of the CCD is to iﬁterface the ACM to-the DMAC
and DBC. The CCD accepts commands and data from the Data/Command
Distributor {DCD) and properly routes them to the DMAC or DBC.

In addition, the CCD receives commands and data from tﬁé DMAC or
UBC. In addition, the CCD receives commands and data from the
DMAC or DBC and properly routes them to thé‘IDHR‘or I/0 controller.

The CCO also keeps track of the directiqn‘of data flow, the

typg of data that is flowing and processes faulf and error signals.

“Figure IV-6 is a block diagram of the CCD.
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1.1.1 CCD Features

. Appropriate "Handshaking” with ACM
. Data Routing

. ACM Interrupt Capability

. CAM Timing

. IDMR Fdrmatting

1.1.2 System Concept

The CCD shown in ngure IV-6 is the hardware controlling
function which assures that:the proper test equipment/test
article communication is maintained.

The CCD is able_to recognize code§ from the ACM to‘route
test data and commands to either the OMAC or the DMC.

The CCO is abie to recognize codes frdm_the ACM to route
test data and commands to either the DMAC or the DMC.

The CCD then is able (after recqgniziﬁg the proper ACM
code) to set up the modes in the DMAC or DBC for implementing
the various test article functions.

The CCD will set up switching necessary to read from the
various timers, comparators and fault indicators in the
CAM and notify the ACM through interrupt capability of test
article errors. |

The data returning from the test article is routed by the
CCD to the IDMR and proper ACM control is maintained. The
data to the IDMR réqdires specific formatting which is done

by special CCD hardware.
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1.1.3 CCD Hardware Qetails

1.1.3. ACM Control | _
| This'modu1e accepts and generates all signals necessary
to accomplish data transfer écross the ACM to/from CAM
interface.

Inputted ACM conttol signals are interpreted and
transferred to the CONTROL FORMATTER for the purposes of
properly routing data and control to the DMAC or DBC.

Control signa]i are generated from‘the ACM CONTROL for
the purposes of inputting data and test article status.

1.1.3.2 Control Formatter

This module takes command controls from DBC, DMAC or
“ACM CONTROL" modules and transforms them into the control
format recognizaﬁle to the device intended to receive that
contrd] (i.e., DBC or DMAC).

1.1.3.3 Word Formatter

This logic takes 32 bit ACM words, 3g of which can be
used for data and formats them into a 32 bit data word
necessary for DBC or DMAC. It also takes 32 bit data words
from OBC or DMAC and puts the word into the necessary format
for IOMR with proper control bits added. The control for
this module comes from the "CONTROL FORMATTER'.

1.1.3.4 OMAC Control

Control is transferred to this block of Togic when
DMA testing is in progress. This block controls all functions

necessary to accomplish the various types of DMA.
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Direct Memory Access Controller jDMAC)

The DMAC is custom designed logic to externally control
the test articles mainframe memory, and also to interface
w%th the CCD. Each test article requires a custom,designed
DMAC. - |

Figure‘lV;J is a block diagram of a.DMA controller which
is being designed as part of CAM for GE GEMIC I CP-32 Computer.
DMAC Featufes

The DMAC has the following features:

. Write into memory (any address)

. Read from memory (any address)

. Increase the rate at which data is presented

. Check and generate parity

. Check for illegal commands

. Load rotating list (for Round Robin)

. Increment address

. Word Count

.- Required test article "handshaking” control circuitry

System Concept

The OMAC, briefly, is necessary logic to provide proper
communication between the CCD and the test article's memory
bus. The DMAC contains oﬁ]y minimum hardware necessary to do
the communication function with mfnimum data processing
capability. |

Because ACM speeds are slower than the test article's
speeds, speed-up-iogic is necessary as part of DMAC so that
déta and addresses‘are available at the test article interface
when necessary. The speed-up circuitry 15 designed independent
of the ACM speéd but is directly controlled by the test article
interface through the "CP-32 COMMAND MODULE", "AUTO, REPEAT &
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1.2.3
1.2.3.1

1.2.3.2

1.2.3.3

CYCLE CONTROL," "ADDRESS/COMMAND'LOAD” register and "FAST
ADDRESS INCREMENT. "
The DMAC properly activates the test article's memory
with address and commands to the memory bus, through the
«UTE DATA LOAD" registers or the "ADDRESS COMMAND LOAD",
FAST ADDRESS INCREMENT" module. The data is then read back
through the "CP-32 DATA LOAD" reg1ster Proper data processing
including comparison is done in the ACM. |
'All control signals from CCD and the test article are
geherated and received in the remaihing‘quu1es in Figure IV-7.
The following discussion presents details of each
module considered in Figure IV-7.

DMAC Hahdware Details

Address/Command Load

A register that loads and stores CP-32 DMA address and
command bits. Parity is also genefated for the 32 bit word.

Fast Address Increment

This section of the Address/Command load is used when the
test article DMA is run at its highest capable speed. It
provides new consecutive DMA éddresses at a rate equal to the
test article's DMA speed. This is done by incrementing an
address fegister after each DMA cycle.

UTE Data Load

A register that loads and stores the test articie's DMA
input data. Parity is also generated for the 32 bit word in
this module.

Hardware is present to insure data will not be read

from the reg1ster by the test article when new data is being

strobed into that register from the CCD.
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1.2.3.4 Switch 2
‘Switch Z determines 32 bit flow tc test articie from
either an address/command register or‘the‘data register.
Switch Z is under CP-32 interface control.

1.2.3.5 €P-32 Cantrol

-Thié control module sends the necessary levels required
for DMA transactions. to the test artié1e. The input to this
control‘iﬁ sent from two sources "CYCLE INITIATE" and
"AUTOMATIC REPEAT & CYCLE CONTROL'.

The hardware iﬁ‘this module contains necessary one-shots,
registers, latches and leve]"Sensoré necessary .to accomplish
the above tasks. -

1.2.3.6 - Cycle Initiale

This module sends a pulse requesting a DMA cycle. This
circuitry is CCOD interface control fed.

1.2.3.7 Automatic Repeat & Cyclie Control

This module generates the necessary test article
"handshaking” pulses and levels needed for a complete DMA
cycle. This block also contains a éounter that can be used
to call for repeated DMA cycles up to 1000 test article cyc]es.‘
1.2.3.8 Cycle End Sense N

This module detects the end of a series of DMA cycles
caused by the high speed repeat. This sense is triggered
when the counter in the "AUTOMATIC REPEAT" module times out.

This cycle end sense notifies the CCD of the end of this event.
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1.2.3.9 Fault Processor

The logic herein detects unexpected test article fault
levels (illegal comnahd, parity error)} andrtransmits this
information'to the QCD.

If a fault is expetted_(intentionally send béd narity)
the fault processof wiil acknowledge this expected response by
not sending‘an& fault hotification to the CCD when the test
article;fndicates this parity fault.

1.2.3.10  CP-32 Data Load |

This register loads and stores data sent from CP-32.
Data is sent to the CCD upon request. This block is
controlled by the "CP-32 INTERFACE CONTROL" module.
1.3 Data Bus Controller (DBC) |

This block of circuitry is intended to interface ﬁhe
CCG with the program controiled inpuf-output port of the
test article. This port accesses the CPU of the test article.
The port on the GE-GEMIC-1 CP-32 which is -interfaced is
called the PUT/TAKE port which consists of a bi-directional
party line type 16 bit bus. A1) proper "handshaking”, bus
direction, interrupts, channel address commands and controls
must be activated and tested by the DBC. The DBC is shown
in F1gure Iv-8. |
1.3.1 . Features
The features of the DBC include the following:
. Subp1y data to test article
. Take data from test article
. Generate and check parity
. Interrupt at variable Speed while program is running

. Word comparison
. Word Count
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1.3.2

1.3.2.1

1.3.2.2

Fig.IV-8 is a block diagram of the DBC which is currently

being designed for the GE-GEMIC 1 - CP-32 Aerospace Computer.

System Concept

The DBC is designed to operate in three modes for the
purposes of testin¢ different test article functions.
These modes are:

. Data Input and Qutput
. .Interrupt
. Polled

Data Input and Output Mode

In this mode data, addressing commands and controls
are transferred across the test artic1é interface at
relatively é]ow rates. This iéAdone to‘test thé accuracy
of the I/0 and make sure all funétions are operatihg normally.
The transfer can be initiated either‘by the tester or the
test article. Implementation of the transfer can be initiated
from the ACM interrupt or test article polling.
Interrupt

To observe the reaction of the test‘articTe while doing
a resident program to external 1ntefrupts, special hardware
is included in the DBC.

The hardware has the capability of changing the rate of
interrupts so that program intérrupt 1/0 efficiency of the
test aftic]e can be obhserved.

The approach here is to run a resident program in the
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1.3.2.3

1.3.3
1.3.3.1

1.3.3.2

test art{c]e, interrupt the CPU at various rates to.d61
trivial 1/0 tasks. When the-1/0 transaction becomes
inaccurate as seen by the "COMPARATOR" or when the .

resident program shows deterioration (accuracy or time),

the test article will be termed "saturated”.

Polled Mode

The polled mode allows the test artic]e'to input data
and store it at its maximum rate. During this test mode
the maximum speed at which test article I/0 transactions can
be made s measured. This test mode is similar to the method
used in the DMAC controller when measuring maximum memory
speed.

DBC Hardware Details

Load Data or Increment Address

This module Toads either a data word or the interrupt
and address words onto the 16 bit data (PUT/TAKE} bus. A
bit set determines which word type has been sent by the CCD.
Control, including data word content, is under ACM control.

Fast Interrupt of Address

This logic is used when the I/0 poft is operated at
high speed. It provides new interrupt register words at a
rate equal to the test article of a CP-32 1nterfﬁpﬁ 1/0 cycle.
This is done by incrementing an interrupt régister after each

interrupt cycle.
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1.3.3.3 Fast Data
This module is used when maximum I/0 transactions
exist when the CPU is being interrupted. It is initially
loaded by the ACM and is reloaded following each interrupt
1/0 cycle with the data from"CP432‘Data” module. Contro]
for this sectfon comes from both the ACM and the test
article.
1.3.3.4  Switch
This mu]tiplexe? puts interrupt and‘addfess words or
data words onto the data bus in proper ordér at fhe proper
time. The switch also selects the "INTERRUPT MODE" or
"DATA 1/0 MODE" bus loading by switching "FAST DATA" and
"FAST INTERRUPT and ADDRESS® blocks or the "LOAD DATA" and
"INCREMENT ADDRESS" onto the data bus. Switching control

is from either ACM or test article.
1.3.3.5 Normal‘InterruptrRequest

This block sends an interrupt request to the test article.
This request is sent when a particular bit is set in the
interrupt/address register of the "LOAD DATA" or "INTERRUPT/
ADDRESS" block. |

1.3.3.6 Cycled Interrupt Request

This module sends a repetition of interrupt requests at
timed intervals. This maintains a rapid interrupt 1/0 mode
for a specific number of cycles detérmined by a tounﬁer in
this request block. Request cqntro1 is provided by both the
ACM and the CP-32. ' '
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1.3.3.8

1.4

1.4.1

Comparator

This device is used in the "high speed" interrupt I/0
mode. In this mode, the CP-32 is'ihterrupted and asked to

take a data word. This word is to be manipulated inside the

_ test_artic]é and then outputted'on a PUT cycle to "CP-32

DATA" block. The ccmpérator'wi]T check the inputted data -
word to see if the CP-32 has correctly compieted its 1/0°
routine. If so, the comparator will allow the word in
"CP-32 DATA" block to_be strobéd into the “FAST DATA" -block
providing a new déta word for the'CP-32 to act upon in the
next interrupt I/0 cycle.

Power Supply Additions.

In addition to signal interface circuitry, the UTE
must be modified to prime power to the test article.
.The test article is either powered-bj 28 volts D.C. or
115 V.A.C. at 400 cycles. (Power testing is in Appendix G).
It is réquireé that the power supply be programmable
s0 that voltage profiles and power interrupts may be created.

Voltage Profiles

Programmability should be provided so that prime power
may be varied as a minimum 10% above or below the nominal
input Qo]tage specifications. Further programmabjlity should
be considered to adjust the voltage magnitudes in accordance

with the Apollo fuel cell profiles.

70



C.

1.4.2

1.5

SOFTWARE

1.0

Power Transients and Interrupts

Power transients and interrupts are'critical.parameters
in computer operations. The pbwer supp]y‘shou1d have the
capability of being interrupted over a wide range of pulse
widths so that the test article power transient characteris-
tice can be established. If it is necessary to introduce
transients on the lines by implementing short narrow
voltage pu]sés, then additional hardware will be required;
This hardwaré should be designed to inject voltage pulses into
the primary power cable at various amplitudes and durations.

Cooling Hardware

Cooling hérdware_shou]d be implemented with a forced
air system of sufficient capacity to cool the test articles.
Manua}]y movable valveé should be-provideJ to decrease air
flow so that the effect of temperature change on computer
operafion can be observed. |

Thermosensors shall be strategically placed on the test

article so that temperature versus computer operation can be

corré]ated. (Appendix H shows a thermo-testing system).

SOFTWARE_APPROACH

The use of Unifiéd Test Equipment (UTE) software pfovides
modular software functions which will fd]fif] the hajor
requirement of the UCTS Program. The UCTS will make full use
of UTE Test Language (UTETL) to execute tests on the test

article. A brief descripticn of the UTE software and UTETL is
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1

1

.0

a

.2

Software Approach (continued)

included in Appendix F. Figure V-3 shows the Software
currently implemented for the DCM and ACM modules.

Software Modification

Some modifications in existing software of the Test
Operating System (TOS) will be required for processing of
responses in the DCM. Special Routines that cannot be handled
by UTETL will be a cbmbinaticn of Test Language and Assemhly
Tanguagé programs. Modification in the ACM software will
involve the microprograms of the Command Formatter and
Sequencer (CF&S) and the Response Formatter (RF). Routines
to adapt the hardware interface changes and Computer Adapter
Module (CAM) for Test Language control will be implemented
with assembly language.

Software: Additions

For the pu?pose of computer testing, new test procedures
will need_to‘be written using UTETL. THese procedures will
activate the test article's Diagnostic Test Routines provided
with the candidate computer and handle responses necessary to
conduct Diagnostic Test, record statds,'provide reporting

and test data logging.
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PROBLEM SURVEY

PROBLEM: Bad Connectors
DESCRIPTION: ‘ Bad connectors account for a large perceﬁtage of field
problems.
SOLUTION: Evaluate connectors for human engineering factors.
SOURCE OF INFO: Grumman |
DATE OF INFO: 9/7/72
* Kk &
PROBLEM: Out of Spec Pulse
DESCRIPTION: A system interface pulse wﬁs out of épéc and did not allow

proper system operation, The factory test equipment could
not detect faulty pulse. :

SOLUTION: Make design change to
1. Prime Equipment
2. Test Equipment

SOURCE OF INFO: G.E. Utica

DATE OF INFO: 8/30/72

- | £ &k

PROBLEM: Computer "Lock-Up"

DESCRIPTION: The lock-up was characterized by an ignoring-éf all input
stimuli. .

SOLUTION: The only known cure was to remove‘computer from dréft'

and  correct via a Computer Test Set in the G.N.&C, lab.
Later findings showed that large EM disturbances could
cause and also cure "lock-ups”.

SO0URCE OF INFO: Apollo Program Computer print-out Computer Vol. IV.

DATE OF INFO: June 20, 1972

Al



PROBLEM SURVEY

PROBLEM:

DESCRIPTION:

SOLUTION:

"SOURCE OF INFO:

DATE OF INFO:

PROBLEM:
DESCRIPTION:
- SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

PROBLEM:

DESCRIPTION:

SOURCE OF INFO:

DATE OF INFO:

Case Ground Signal Ground. Isolation

RF transient testing by induced electrostatic discharges
(spark test) showed that computer signal ground to com-
puter case isolation was detrimmental. Distributed
capacity between wiring and the case was large, providing
return paths for transient currents hetween power lines
and case. This mdde computer sensitive to spark type
transients, even thcugh it was insensit1ve to transients
between power lines.

Computer signal ground and case were connected at multiple
points. :

Apollo Program Computer print-out Computer Vol. IV

6/20/72

Multipoint Ground System
During factory system checkout erroneous information was
present on signal lines to test equipment in a multi-

grounded system.

Get rid of multiground system and réplace with good design
practice single point ground system.

G.E. Utica

8/30/72

Rapid 1/0 Transactions

Speed of processor was decreased by up to 50% when rapid
I/0 transactions are required.

G.E. Houston

8/15/72
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PROBLEM' SURVEY

PROBLEM:

DESCRIPTION:

SOLUTION:

SOURCE OF INFO:

DATE OF INFOQ:

PROBLEM:

DESCRIPTION:

SOLUTION:
SOURCE OF INFO:

DATE OF INFO:

PROBLEM:
DESCRIPTION:

SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

Rapid Interrupt Sequence

In hardware system test the computer's program was messed
up by too many interrupts. The simulated flight test
(which was the factory final acceptance test) did not
check this function. ‘

1. Major computer design change .
2. Limit the frequency of interrupts
3. Modify in-house testing to detect problem

GE Pittsfield

8/22/72

Turn-on & Shut-Down

When the uplink equipment was turned on or in some caees
when turned off, the equipment would emit one or more
pulses, These pulses would remain in the AGC register
and would cause the first data transmission to be in
error.

Register must be cleared before transmission
Apollo Program computer print-out R-700 Computer Vol. IV

6/20/72

Adjacent Signal Cross Talk
Occasional errors in reading radar data.

An AGC hardware/software interaction was resulting in a
split radar sync pulse output. The timing of a clear and
restore action in channel 13 due to a write instruction

was partially synchronized with the timing strobe for the
sync pulse output. This resulted in possible split pulse
generation for the sync pulse. This was solved in software
by preventing channel output use during radar data reading.
A hardware design change could also have solved this problem.

Apollo Program computer print~out R-700 Computer Vol. IV
6/20/72

A3



PROBLEM SURVEY

PROBLEM:

DESCRIPTION:

SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

PROBLEM:

DESCRIPTION:

SOLUTION:

DATE OF INFO:

Interference Problem (Interface).

Wiriile updating contents of memory, the Lomputur would
reject or interrupt transmissiona, from the hrnund and
signal uplink alarms.

The alarms resulted from noise on the umbilical input
lines, used during prelaunch checkout. A radio tele-
metry/GSE control was added to e11m1nate noise pickup-
after launch. §

Apollo Program Computer print-out R-700 Computer Vol. 1V

6/20/72

Computer Stoppage

The Digital Geo-Ballistie Computer suffered from an
abnormal number of computer "stoppages'. These stop-
pages were defined as computer malfunctions which pre-
vented execution of required operations at "high speed".
No obvious reasons for the malfunctions were noticed
and no corrective action on the part of the operator
was required to resume normal operation.. By manually
restarting the computer the same faulty indications
would not occur and normal operations would resume.

Causes for Failuref

1. Majority of stoppages due to improper instruction
being read out or written in.

2. Low output voltage introducing logic failure,

3. Marginal components render entire computer marginal

in operation.
4, Program Errors
1. Noise on control delays (due to excess negative
voltage on the clock oscillator output) was reduced
by clamping the clock module.
2. NKew cables with larger flex life (10,000 flexes)
3. Five timing changes were made to the memory cycle
timing and procurement specifications were changed
on a number of modules to tighten their propagation time.

5/5/67
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PROBLEM SURVEY

PROBLEM:

DESCRIPTICN:

SOLUTION:
DATE OF INFOQ:

COMMENTS :

PROBLEM:

DESCRIPTION:

SOLUTION:
SOURCE OF INFO:

DATE OF 'INFO:

PROBLEM:

DESCRIPTION:

SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

Inadequate Burst I/0 Capability

100K words per second burst I/0 transfer rate through
CPU required by Equipment Specification. Production
equipment achieves only 60K to 65K words per second
transfer rate. -

Not yet determined--so far work around and suffer.
8/14/72

This is qualified production cbmﬁufer with no deviation
on this item and over 100 production computers have been
delivered. It would be interesting to learn if original
gqual test was inadequate or whether subsequent design

change ECP was inadequately incorporated. This is design
deficiency. ' ' .

MemoTty

90% of computer problems are bad memory bits from various
causes including EMI. Usually occur during power up and
power dowm. :

Check like crazy dﬁring power up and down.

Grumman

9/7/72

* k %

Bit Creep Effects at Low Temperature

Bit location changes were evident only at low temperature
in the PWM test.

Change layout of Pwﬁ'system.
Tighten quality control of PW.
G.E., Pittsfield

8/22/72
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PROBLEM SURVEY

PROBLEM:

DESCRIPTION:
SOLUT1ON:

SOURCE OF INFO:

DATE OF INFO:

PROBLEM:

DESCRIPTION:
SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

"PROBLEM:

_ DESCRIPTION:

SOLUTION:

SQURCE OF INFO:

DATE OF INFO:

Bit Creep in PWM at Ambient Temperature

After many memory cycles there was a tendency for bits
to change either in state of location thus ‘creep”.

Better quality control of the wire.
Change layout of PWM. .
G.E., Pittsfield

8/22/72

Adjacent Wor& Disturb

Adjacent words were being jumbied when the write cycle took
place in the biax memory. -

Software restore.
Leave blank spaces in memory.

G.E., Utica

' 8/30/72

Unterminated Signal Connector Pin

Logical input wires used for testing became unterminated
when in spacecraft configuration. This provides coupling

-internal to the computer between high level system mode

interface signals and computer logic.

A speciél test connector cover was designed which grounded
these test signal inputs preventing coupling.

Apollo Program Computer print-out Computer Vol. IV

6/20/72
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PROBLEM SURVEY

PROBLEM:

DESCRIPTION:

SOLUTION:
‘SOURCE OF INFO:

DATE OF INFO: -

PROBLEM:

DESCRIPTION:
SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

PROBLEM:

DESCRIPTION:

SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

Adjacent Signal Cross Talk -

‘Analysis of erroneous information indicated adjacent

line interférence.
Double sghielded signél lines.
G.E., Utica

8/30/72

Long Cables

Long cable (50ft.) was used for part of system checkout.
Erroneous data was pronounced on signal lines.

Single point ground.
Double shielded signal lines.
G.E., Utica

8/30/72

Signal Transients Induced by Cable Separation

Transients were seen on the signal lines as the ground
unibical was removed which caused system errors.

System factory testing did not check this condition, only
found in final hardware testing.

Introduce simulated noise spikes on lines during factory
checkout. '

G.E.,.Pittsfield

8/22/72
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PROBLEM SURVEY

PROBLEM:

i

DESCRIPTION:

v

SOURCE OF INFO:

DATE OF INFO:

PROBLEM:

DESCRIPTION:
SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

PROBLEM:
DESCRIPTION:

SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

Power Transient Problem

When the computer was switched between standby and operate,
a power transient internal tothe computer would modulate
the clock sync signals to the spacecraft. This modifica~
tion would sometimes cause down telemetry to drop out of
syne for about 1 sec.

Apollo Program Computer print-out Computer Vol IV

6/20/72

Lost Memory Bits Due to PowérUpAand Dowm

When tech switched computer on and off repeatedly,
memory bits were lost.

Capacitor controlling shutdown sequence did not_completeiy‘
discharge when fast switched. Guarantee discharge during
shut off period or change shutdown logic.

Grumman

9/7/72‘

Low Prime Power
Random failures were observed with no apparent cause.

Investigation showed that the prime power was low -due to
power line drop. ‘ '

G.E., Pittsfield

8/22/72
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PROBLEM SURVEY
PROBLEM:

DESCRIPTION:

SOLUTION:

SQURCE OF INFO:

DATE OF INFO:

PROBLEM:

DESCRIPTION:

SOLUTION:

SOURCE QOF INFO:

DATE OF INFO:

PROBLEM:

DESCRIPTION:

’

SOLUTION:

DATE OF INFO:

Equipment would not work for 5 min. after turn on,
after being soaked in cold at -65°C for 2 hours.

It was found that the equipment failed or worked errone-
ously within the first 5 minutes after cold soak. This-
failure was first discovered on the vehicle by accident.

There wds al temperature sensitive op amp that caused
the problem.

Look at operation of system in factory during wérm‘up.
G.E., Pittsfield

8/22/72

Erroneous Data During Warm up.

During the first 5 to 10 minutes of operatlon, the system
appeared to fail. :

It was found that the test equipment had a 20 minute warm
up cycle required. The test equipment and prime equipment
were both turned on together, not alloW1ng proper test
equipment warm up.

‘G.E., Utica

8/22/72

Power Supply EMI
EMI originmating within the:computer power supply caused
bits to be intermittently added or deleted within the

computer.

Redesign the power supply to ellminate and. adequately
attenuate the P/S EMI.

8/21772
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PROBLEM SURVEY

PROBLEM:

DESCRIPTION:

SGLUTION:
DATE OF INFO:

COMMENTS :

PROBLEM:

DESCRIPTION:
SOLUTION:

SOURCE OF INFO:

DATE OF INFO:

PROBLEM:

DESCRIPTION:

. SOLUTION:
SOURCE OF INFO:

DATE OF INFO:

~-10-

Power interrupts recycle diffefont‘For different equipment
When a primary power transient occurs, the.primary computer
and interfacing equipments all go through individually con-
trolled power interrupt cycles. However, the interval
start and end times for each equipment occurs at different
times. Thus, garbage information canrget into the computer.
So far, to live with it and suffer.

8/21/72

This is avionics system problem, but has major impact on
computer application.

Language Selection

It was found that (HOL) will directly affect processor
speed if language and hardware are not compatible.

Choose compatible language

G.E., Houston

8/15/72

Computer Stoppage

Computer stopped (4 PI EP computer)

Analysis: A specific sequence of instructions stalled
the computer. :

Desigh change had to be_implemeﬂted in the hardware.

G.E., Houston

8/15/72
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PROBLEM SURVEY

PROBLEM:

DESCRIPTION:

SOLUTION:

DATE OF INFO:

COMMENTS:

PROBLEM:
DESCRIPTION:
SOLUTION:

DATE OF INFO:

COMMENTS:

PROBLEM:

DESCRIPTION:

SOLUTION:

DATE OF INFO:

COMMENTS :

-11-

Priority Interrupt Lockup

When highest priority interrupt signal fails to yield a
"1" level, entire computer is totally "hogged" locking out
all other computation functions. Lesser priority inter-
rupt signals have same problem to lesser degree. .

Change design of I/0 circuit so that computer does not
respond to the interrupt until the trailing edge of the
interrupt pulse has occurred.

8/14/72

First implementation was poor design.

Multiple I/0 Processing Deficiency

The computer has a JUMP 1/0 CHANNEL instruction. This
instruction refuses to execute under most specified
allowable conditions.

Design change is planned. In meantime work around

and suffer.
8/21/72

This is computer design deficiency.

& %

Interface Equipment Cable Disconnect

When computer is operating and interconnecting cable is
disconnected, computer I/0 register.srages individually
and semi-randomly go to a "1" or "0" state. This permits

"garbage" information to get into the computer whlch
could propagate with undesirable results.

Work around solution of leaving all equipments connected
when power is ON except in special controlled cases.

8/14/72

This is a result of speciflcation deficiency--both system
and computer specification.

All



PROBLEM SURVEY

PROBLEM: Non-Legal Code Acceptance

DESCRIPTION: Computer sometimes carries out undesired action on non-
"legal code rather than rejecting or trapping it.

" SOLUTION: o Do not know if problem fixed Oor Tot.
DATE OF INFO: - 8/14/72 '
COMMENTS : " Design deficiency
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TEST METHODS SURVEY

TEST #1:
DESCRIPTION:

ELEMENTS TESTED:
SOURCE OF INFO:
DATE OF INFO:
COMMENTS :

- wm s s m om m o o=

TEST #35:
DESCRIPTION:

REASON:

ELEMENTS TESTED:
SOURCE OF INFO:
COMMENTS :

TRANSIENT RADIATION

Transient Radiative Susceptibility.

The test shall be performed in accordance with Figure 7. The
relay used shall be MS25271 or equivalent. No suppression

shall be applied to the relay. The relay circuit shall be
unshielded wire tightly coupled (taped) to, and in parallel with,
the equipment power leads and signal leads, and tightly looped
about the units of the equipment comprising the test sample.

The test shall be performed twice, first with the DPDT switch in
position B and then A. The tests shall be run for a period of

at least 5 minutes in each switch pesition. If the unit is
susceptible, each threshold of susceptibility shall be determined
by moving the relay circuit wire away from the bundle or case.

TRANSIENT RADIATIVE SUSCEPTIBILITY
Grumman Aerospace Cofporation
2/10/72

See sketch (Figure 7)

- e e e m M wm M B e m W m m m o Mmoo wm = m m = m mm mm o=

EMI ‘ELECTRIC FIELD SUSCEPTIBILITY

Operation of the computer in a specified E field without
ma]function.

Measure the units level of RF radiated susceptibility
over broad frequency range.

Circuit susceptibility - case shielding and cable shielding.
MIL-STD-461 and other recent EMY specs for equipment.

Shielded room is necessary.

8]



DPDT Switch
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Contacts Test
28 vDC ' Sample
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(a) Test Harness Diagram
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- DPDT Switch
MB25271 - ‘ '

<
7[ | Input Power to
Test Sample

Leads Taped Together

{b) Test hookup

FIGURE 7

TRANSIENT RADIATED INTERFERENCE SUSCEPTIBILITY
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TEST METHODS SURVEY

TEST #38: MAGNETIC FIELD RADIATED SUSCEPTIBILITY
DESCRIPTION: Subject the computer to AC magnetic fields (30 Hz to 30 KHz).
REASON: Establish susceptibility relative to spec limit.

ELEMENTS TESTED: Magnetic devices.
SOURCE OF INFO: MIL-STD-461 and 462
DATE OF INFO: Current |

- m m e o e e m m E m e m o w W m m m o @ om om # S # e m Em.m = om = m o= = m = = -

TEST #34: EMI MAGNETIC FIELD SUSCEPTIBILITY

DESCRIPTION: Operation of the computer in a DC or low frequence AC {or
pulsed) magnetic field without malfunction

REASON: A test of the susceptibility of magnetic components to stray
fields present on spacecraft or aircraft.

ELEMENTS TESTED: Magnetic memory and inductors.

~ COMMENTS: There are several variations of this test.

TEST #37: EMI - AUDIO AND RF SUSCEPTIBILITY ON PRIMARY POWER LINES
(30 HZ to ?)

DESCRIPTION: Couple audio and RF sine wave signals to input power lines
at specified levels. .

REASON: Measure susceptibility level per spec limit.

ELEMENTS TESTED: Power 1ine filtering
Power supply regqulation and high frequency 1solat1on

SOURCE OF INFO: MIL-STD-461 and other recent EMI equipment specs.

B 3



TEST METHODS SURVEY

TEST #2:
DESCRIPTION:

ELEMENTS TESTED:

SOURCE OF INFO:
DATE OF INFO:

- e e e o v -

TEST #36:
DESCRIPTION:

ELEMENTS TESTED:

SOURCE OF INFO:

- TEST #3:
DESCRIPTION:

ELEMENTS TESTED:

SOURCE OF INFO:
DATE OF INFO:

LINE IMPULSES

A1l lines {excluding power lines). Impulses of 0.001 volt-
seconds, at a rate of at least 3 different rates indicative

of the most susceptible rates shall be injected into each line
of the equipment. The test shall be performed 3 times for
various volt-second combinations: Vmax, ‘times t min, V times 2-
t min, and V times 4 min. The maximum voltage shall be limited
to a value consistent with the maximum line vo]tage plus the
maximum excursion permitted on the line.

Susceptibility to line impulses.
Grumman Aerospace Corp.

10/2/72

m- m m o wm M mm we W me e 4 e a s am Em mE o e wm e M e e m = m m = =

EMI - TRANSIENT (SPIKE) SUSCEPTIBILITY ON PRIMARY POWER LINES

Super-impose voltage spike onto power lines at specified level
without malfunction of computer.

Power line filtering
Power supply regulation and h1gh frequency decoupling.

MIL-STD-461 and other recent EMI equipment specs.

- e m o w wm wr w e ek W wm M e ay M M o W 2w e e e o e m m w e = wm owm

INADVERTENT POWER TRANSIENT

Inadvertent Power Transient SusceptibiIity _

Circuits required to remain in a known state or predetermined
initial state as a result of power drop out or power turn off
shall demgnstrate their reqguired circuit-state configuration
as a result of an inadvertent power failure. This inadvertent
condition shall be simulated by manually cycling each AC and
DC power input (circuit breaker) a minimum of five times at
approximately 2 second intervals.

Susceptibility to inadvertent power transients.
Grumman Aerospace Carp.

2/10/72
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TEST METHODS SURVEY

TEST #4:
DESCRIPTION:

ELEMENTS TESTED:
SOURCE OF INFO:
DATE OF INFO:

- e e e m m ow e o

TEST #5:
DESCRIPTION:

ELEMENTS TESTED:

ELEMENTE NOT
TESTED:

SOQURCE OF INFO:
DATE OF INFO:
‘COMMENTS:

POWER LINE PULSES

Power Lines

Pulses, 50 volt amplitude both positive and negative polarity,
shall be injected into each AC and . DC power lead at a pulse
repetition rate of 10 pps minimum for a period of at least
5 minutes for each pulse polarity. The characteristics of the
transient pulse,.as measured by an oscilloscope across the

“input terminal of the test sample (while the test sample is

operating) shall follow a typical waveshape. Series or

parallel injection shall be used. Line stabilization networks
shall be removed during these tests. If the equipment is
susceptible, each threshold of susceptibility shall be determined
by decreasing the pulse amplitude.

Power line pulse susceptibility -
Grumman Aerospace Corp,
2/10/72

- o e o e o m E M am mn 4 ma L Wk M py Mk o m m wm M e m wm wm

CABLE BUNOLE TEST

"Two insulated, unshielded wires are taped to the cable b&nd]e

90° apart. Apply 20 amp AC @ 400 Hz to each wire one at a time.
If unit is susceptible, determine each threshold of susceptibility
by two methods: 1. decrease current; 2. carry wire away from
bundie. '

EMI susceptibility of cable bundle.

System EMI

Grumman Aerospace Corp.
2/10/72

See Sketch #8.
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TEST METHODS SURVEY

TEST #6:
DESCRIPTION:

REASON:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:

SOURCE OF INFO:
DATE OF INFO:

TEST #7:
DESCRIPTION:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:

DATE OF INFO:
COMMENTS :

SQURCE OF INFO:

Voltage and Ground Wire Check

Resistance measurements are made

(a) to see that signal ground is isolated from signal ground

(b) to see that there are no shorts between voltage and
signal ground.

To assure power and ground wiring is proper.

Power and ground connections at I/0 connectors.

No operational sequences.
GE/Utica
8/30/72

- e e wm A o M m o e am m m w W " am m e e = Em wm M m m m m m W m W

OSCILLATOR CHECK IN FIELD

Triple redundant oscillator. is.checked with special test
equipment in field by check1ng each channel then the
voted result.

Crystal and electronic component drift including crysta]
oven was evident over weeks of shelf life.

Triple redundant osci]]ator.

Remaining system
8/30/72

This field test assures that the system w111 be accurate
during the mission.

GE/Utica

Bé&



. TEST METHODS_SURVEY

TEST #8:
DESCRIPTION:

ELEMENTS TESTED:
SOURCE OF INFO:
DATE OF INFO:

~ COMMENTS:

TEST #14:
~ DESCRIPTION:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:

SOURCE OF INFO:
DATE OF INFO:

ELECTROSTATIT DISCHARGE TEST

Equipment subjected to an electrostatic field produced
by discharging a 50 ufd capacitor, changes to 10K volts.
when applied between equipment case and ground.
Electrostatic Discharge Susceptibility

Grumman AerOSpaée Corporation

2/10/72

Grumman suggests testing twice on each face of case,

k % Kk % %k k * Kk Kk %k * Kk .

SPIKE ON GROUND

Induce capacitor spike on ground line durihg operation
and note results.

Check susceptibi]ity’fo AC discharges.
A11 Grounds

Only Grounds on I/0
Grumman Aerospace Corporation

9/7/72
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TEST METHODS SURVEY

TEST #9:
DESCRIPTION:

REASON:

ELEMENTS TESTED:

ELEMENTS NOT
. TESTED:

SOURCE OF INFO:
DATE CF INFO:

YEST #10:
DESCRIPTION:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:

SOURCE OF INFO:
DATE OF INFO:

TEST #11:
DESCRIPTION:
REASON:

ELEMENTS TESTED:

SOURCE QF INFO:
DATE OF INFQ:

RANDOM INTERRLPT,

Randomly vary frequency of interrupts while operating
extensive instruction set to increase probability of
causing interrupt malfunction.

To verify that occurrence of interrupt on any instruction
does not cause malfunction.

CPU interrupt hardware and interrupt software.

Memory speed
GE/Pittsfield
8/22/7

- me W am am - - e mr mr W e W - e - e e - - e - . -

TEMP VARIATION VERSUS MOISTURE TEST
Power is left on during the controlled cooling of the unit.

To assure that moisture due to condensation, as temperature
changes, does not affect the system operation.

Power supply shorting during temperature variation.

Operational hardware as it was not exercised.
GE/Utica
8/30/72

- M dr e o o e o e m mr w wm o o m m mr. o Em E M Em = wr e e

OVER TEMPERATURE RESPONSE

Check response of computer for orderly shutdown to overtemp.
Many computers just_quit in overtemp. mode. -

Power supply and overtemp protect.

Grumman

9/1/72
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TEST METHODS SURVEY

TEST #12:
DESCRIPTION:

REASON:

ELEMENTS TESTED:

SOURCE OF INFO:
DATE OF INFO:

TEST #13:
OESCRIPTION:

REASON:

ELEMENTS TESTED:

ELEMENTS NCT
TESTED:

SQURCE OF INFO:
Date of INFO:

THREE PHASE UNBALANCE

Check operation of computer with unbalanced three phase

input.

Found some computers bower monitor did not respond to
3 phase unbalance,

Power supply - Shutdown logic.
Grumman Aerospace Corporation

9/7/72

ok d ok ok ok K Kk kWK E

POWER SUPPLY TRANSIENTS AND SWITCH TOGGLES

Evaluate computer re5ponsé to various transients and

verify operation if ON/OFF switch is switched 3-10

times. o

Found computers used capacitor for shutdown and switching

did not allow them to discharge and lost memory bits resulted.
Some -computers are too sensitive to transients, other not
sensitive enough. |

Power supply, memory, shut-down ldgic.

General Logic of CPU
Grumman Aerospace Corporation

9/7/72
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TEST METHODS SURVEY

TEST #26: MAXIMUM INTERRUPT SPEED

DESCRIPTION: Increase frequency of interrupts as computer is
- performing program until computer can no longer
handle main program.

REASON : This allows the computer's speed under interrupt
conditions to be evaluated at the same time the
interrupt system efficiency is evaluated.

ELEMENTS TESTED: Logic hardware, interrupt hardware, logic speed,
interrupt speed, interrupt efficiency.

SOURCE QF INFO: GE/Pittsfield
DATE OF INFO: 8/22/712
COMMENTS : Suggested as a possible test idea if typical operating

system simulated.



TEST METHODS SURVEY

TEST #28:

DESCRIPTION:

REASON:

EMI - SUSCEPTIBILITY THRESHOLD OF COMPUTER INPUT AND
QUTPUT CHANNELS .

CW, CW-AM modulated, CW-pulsed modulated , video pulses
and spikes are coupled to seltected input and output circuits
and their amplitude is increased unt11 a failure occurs.

If the susceptibility level of these circuits is known, then

 system integration people would know how much noise or

ELEMENTS TESTED:
SOURCE OF INFOQ:

DATE OF INFO:
COMMENTS :

TEST #29:

DESCRIPTION:
REASON:
SOURCE OF INFO:

DATE OF INFO:
COMMENTS :

pick-up could be a11owed in the system.

Common mode and other forms of rejection of undesired serials.
Susceptibility of circuits, frequency response, etc.

This -information is required-by_MIL-STD-SDS]D for integration
of space and aircraft electronic equipment.

Recent  (1972)

The test normally requires a large quantity of test equipment
jtems to cover large free range and several modulations

(30 Hz to 1 GHz). Coupling of the signals to data lines,
telemetry Vines etc. without changing their characteristics
is not simple. Usually requires active coupling circuits.

e o Em v e o o Mmoo o mm m em e e rr 4= m m o w ar e e

EMI - CONDUCTED EMISSIONS FROM THE COMPUTER (TIME DOMAIN
MEASUREMENT)

A measurement of noise or unnecessary signals on computer
interface lines that could cause interference elsewhere in
a system. The measurement could be made in the time domain
with voltmeters or oscilloescope.

If this is known, it can be compared to the interface
susceptibility threshold Tevels for other equipment in
the system and interference problems revealed.

Required for MIL-STDbGOS]D‘System Compatibility Specification
Recent  (1972)

Measurement of computer generated signals only requires
isolation from other peripheral equipment or circuits.
Measurements in the time domain results in limited infor-
mation when a conglomeration of signals is being considered.
(Peak values onlyg. Time domain measurements are simple
compared to most frequency domain measurements. They are
one shot with wide bandwidth device. :
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TEST METHODS SURVEY

TEST #30:

DESCRIPTION:

REASON:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:

SQURCE OF INFO:
DATE OF INFO:
COMMENTS

TEST #31:

DESCRIPTION:

REASON:

ELEMENTS TESTED:

SOURCE OF INFO:
DATE OF INFO:
COMMENTS:

EMI - CONDUCTED EMISSIONS FROM THE COMPUTER ( FREQUENCY
DOMAIN MEASUREMENT) ‘

A measurement of noise or unnecessary signals on computer
interface lines that could cause interference glsewhere in
a system. The measurement would be made with a receijver
with a restricted band width scanned over the frequency
range of interest. :

These measurements could be used for systemﬂintegration
planning or directiy compared with MIL-Specs for
equipment requirements. -

Data lines - power lines, etc..

Lines internal to the computer.
MIL-STD-461 and others
recent  (1972)

Test requires special and expensive‘équipmeht but is’
necessary to check to MIL-STD for computers. '

—--...-4-.—-—--_—-——-----.—---—-—_-.—-

EMI - STATIC, RESIDUAL OR RESULTANT MAGNETIC FIELD EMISSION
OR MAGNETIC DIPOLE MOMENT OF THE COMPUTER ' '

This js a measurement of the resultant magnetic field at
a point or points of all the magnetic sources within the
computer. Magnetic dipole moment or torque on the unit
by reactions with an external magnetic field can be
caiculated from this measurement. -

Used for control of spacecraft position.

Magnetic devices and material within the computer -
power on and off. ‘

This is a NASA requirement used on GEOS and others.
Recent (1972)

Magnetometer and area of low mag field int necessary.



TEST METHODS SURVEY

TEST #33: ~ EMI- E FIELD RADIATED EMISSIONS FROM THE COMPUTER

DESCRIPTION: A field 1ntens1ty measurement taken a short distance
from the unit (1 meter) over a frequency ranqe of
interest. _

REASON: Evaluation of radiated fields which could cause

interference in a system.
ELEMENTS TESTED: Shielding of enclosure and cables.
SOURCE OF INFO: Current Mil Specs.

COMMENTS : ‘Impossible to perform without shielded room.

TEST #39: MAGNETIC FIELD (AC} RADIATED EMISSIDN'

DESCRIPTION: Measurement of computer generated magnet1c fields {38 Hy
to 30 KH,) with 100P sensor and volt meter and or tunned
receiver.

REASON: To check field against MIL-SPEC-limit.

ELEMENTS TESTED: Magnetic devices.
SOURCE OF‘INFO: MIL-STD-461 and 462

DATE OF INFO: Current  (1972)
TEST #40: RF CONDUCTED SUSCEPTIBILITY DN POWER LINES
DESCRIPTION: Capacitor couple RF (30 HZ to 400 HZ) to the computer

primary power lines.

REASON: To establish the susceptibility of the unit relat1ve to
a MIL-spec level.

ELEMENTS TESTED: Power supply and input filtering.
SOURCE OF INFO:  MIL-STD-461 and 462 |
DATE OF INFO: Current - (1972)

COMMENTS : Requires signal of about 1 volt into low 2 of poWer supply.
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TEST METHODS SURVEY

TEST #42: ECHO CHECK

DESCRIPTIGON: Reads input data from 1/0 1nto memory and then reads
it back to external device via CPU. Can be run via
DMA channel :

REASON: Checks I/0 and Memory cricuits for proper operation and
checks CPU transfer operations if DMA not used. _

ELEMENTS TESTED: I/0 operation, memory, CPU control and transfer logic.

ELEMENTS NOT TESTED: CPU logical, shifting or arithmetical operation;
very little software.

SOURCE OF INFO: GE/Pittsfield

DATE OF INFO: 8/22/72

COMMENTS: Easily implemented as part of other tests Too expensive
' on complete memory test but ver1f1es cperat1on of control.



TEST METHODS SURVEY

TEST #43:
DESCRIPTION:

REASON:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:

SOURCE OF INFO:
DATE OF INFO:

TEST #44:
DESCRIPTION:

REASON:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:

SOURCE OF INFO:
DATE OF INFO:

- e W wm m o =

TEST #45:
DESCRIPTION:

REASON:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:

SOURCE GF INFO:
DATE OF INFO:

COMMENTS :

POWER INTERRUPT

Power is interrupted from prime power supply to specs.
Wider than field system spec.

To assure that field operation under narrower specs
wilT be proper when power 1is interrupted

Power converter power storage capab111ty under worse

‘than system conditions.

A1l other Har&Waré.
GE/Utica
8/30/72

- w w m m ow w m m wm ow m ow m e M = v o o = m ow e m m e e

CIRCUIT PROTECTION ON TEST CONNECTORS

Resistance measurements are made on the test point
connector between the test points and ground.

To assure that the test point circuit protect1on resistors
are correct and in place.

Test connectors -and protective resistors.

A1l other system functions.
GEfUtica
8/30/72

- e e m wm Em m w i e e m mEm o s m e w w m i B e o e e e —

MEMORY SUM CHECK

Check sum of outputs from memory after loading memory
or from ROMS.

To verify operataon of memory read/write circuits, memory,
and address circuits.

Memory (ROM, RAM, P.W, CORE) addressing logic, read/write
logic, control ckts

CPU logic, software
GE/Pittsfield
8/22/72

Appears to be limited fo small memory systems.
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TEST METHODS SURVEY

TEST #46:
DESCRIPTION:
REASON:

ELEMENTS TESTED:

SOURCE OF INFO:
DATE OF INFO:

- e o e wm wm a m =

TEST #47
DESCRIPTION:

REASON:

ELEMENTS TESTED:

SOURCE OF INFO:
DATE OF INFO:

- oy am we wm es m wm w

TEST #48
DESCRIPTION:

REASON:

ELEMENTS TESTED:

ELEMENTS NOT
TESTED:
DATE OF INFO:

COMMENTS:

- e i m wm m wm m m we dm m m m oA m = = e m = S

MEMORY PROTECT VERIFICATION

Verify that memory protect operates under all conditions.
Some memory protects failed under extremes.

Memory and protect'lbgic.

Grumman

8/7/72

1/0 SPEED AND BUFFERING

Check that no timing glitches exist between 1/0 inputs
and CPU. Check speed of 1/0 versus operation.

Some 1/0's improperly buffered or buffered make too slow.
1/0

GE/SS0, Valley Forge

9/8/72

--___....._..—__,..—_-_.....__.........__.....___._

RANDOM BIT WORD GENERATOR PARITY CHECK

The random words and parity are generated by random bit
generator and computer checked for number‘of parity errors.

To check parity circuitry

Memory, Parity circuits

Logic, control logic, addressing logic.
§/7/72

A better alterhative would seem to be to generate both
correct and incorrect words and vary operation.

Note: Assume even sets bit WORD PARITY  CORRECT
' E 0 No
0 0 Yes
E -1 Yes
0 ] No

Expect 50% non-function.

"B 16
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APPENDIX C

CANDIDATE SUBROUTINE REQUIREMENTS SPECIFICATION

€.1.0 INTRODUCTION

Typical specifications which would be presented to the computer
manufacturer for the purpose§ of Writing resident test software
is presented herein. |
The following specifications are presentedf
Memory Access and Crosstalk exerciser
Time Class of Instructions
Convert to Engineering Units .
Also presented in this section are specifications for the resident
operating system that is necessary to 1nteflink and dispatch the
proper test programs, |

€.2.0 MEMORY ACCESS AND CROSSTALK TEST

2. Identification

Memory access and crosstalk exerciser.
2.2 Purpose
This subroutine tests the CPU memory access time, and the effects
of partitioned high memory uti]ization-on.adjacent memory (bit
creep). This test will also be used to determine the effect of memory
access time -variations. |

2.3 Program Reguirements

Input parameters will be used to determine initial values and
areas of memory to be tested. A Direct Memory Access (DMA) will allow

an external device to access memory at controllablie rates.

c]



2.4

2.5
2.5.1

2.5.1.1

Flow Chirt

ntry . e

y

Inttialize
Static Memory

B Store Bit Cross
.Eﬁﬁtern in talk
. test

___,__4k“InterrupE/,

\f\\W'Yes

J

Interruq&/

Detajled Functional Requirements

Data Input

o

" DER

<f Output .
\ Faults K
N

S
\ixit/

i

Parametric data supplied as control statements is stored in the

Resident Job List by the Supervisor pribr to a run. This data will,

for the crosstalk test, consist of initial memory values and the

area of memory to be partitioned as high memory utilization (HMU) and

the area of memory to remain static.

Cross Test Data Format

No. of Bytes

Subroutine Number
Concurrency FLG

Initial Value
Test Value

Start Address HMY

Ending Address RMU

Start Address Static

Ending Address Static

cz



~2.5.1.2

2.5.2

2.5.3

Parametric data for memory access time test will be an initial
value for static memory and the area of memory to be declared as
static memory.

Access Time Test Data Format

No. of Bytes

Subroutine No.

Concurrency FLG

Initial Value

Start Address

Ending Address

Data Processimg

The area of memdry specified iﬁ the parameters daté is initialized
to the desired value. For the memory access time test, the computer
is placed in a wait state. At this time, the direct memory access
testing device is-activated. When the external OMA test is completed,
the specified area of memory is checked for values different.than
the initial values. Failures can also be noted by "scoping" the
memory base. | _ |

The high memory utilization.test constantly stores in the area
of memory of HMU a bit pattern specified until interrupted. The
area of memary déclared as static is cﬁecked forrva]ues‘different
than the initial values. |
Data Output

A1l static memory addresses that changed in value are placed in
the output area. The initial value along with the faulted vafues

are placed in the output area.

€3



2.5.3.1 Data Format

Subroutine No.

S R—

No of Words

LIn1t1a1 Value 7

,Fault Address

~ Bit Address

Fault Address

Bit Address

i
Eﬂ
-
1

L
c.3.0 TIMING TEST
3.1 Identification

Time Classes of instructions.
3.2 Purpose
This program will demonstrate the CPU's sbeed for executing certain
: instruétions. It will be required to do this with and without cycle
stealing interference in the main frame memory. This test will be
used'to verify the manufacturer published specifications for instruction
execution time. |

3.3 Program Requirements

This subroutine will use the provided parameters to construct a
series of instructions in its own hachine language. This series of
instructions will be executed while the UCTS. timer is running so that

accurate measurements of instruction timing can be obtained.
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. 3.4 Summary Flow

INSTRUCTION EXECUTIGN'PROGRAM

Ly e

DETERMINE f
| TYPE OF -
L INSTRUCTION “J

T
| DUPLICATE THIS |
| INSTRUCTION. |
100 TIMES FOR |
CONSECUTIVE l
EXECUTION

. START UCTS
i TIMER

ol

. )
| EXECUTE THE |
| 100 :

' INSTRUCTIONS |

STOP THE :
UCTS TIMER -

Lo
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3.5
3.5.1

3.5.2

3.5.3

€.4.0
4.1

Detailed Functional Reguirements

Data Input

The data input will be a parameter fe}1ingrthe‘cand1date computer
what type of instruction to do. (i.e., as full word add, a full word
multiply, etc.)

Data Format

D s adat

No. of Bytes .

“Subroutine No. . |

-Concurrency

Instruction No.

Data Processing

The instruction number will bé uséd to detefminewwhat type.of'
instruction to execute. If should be used as an index to a table
that contains the actual machine code for the appropriate instruction
in the computer under test. The instruction to be tested should
then be picked from the table and should be stored in 100'consecut1ve
locations. A command should then be sent to the UCTS to start the
timer after which the 100 duplicate instructions shouid be executed.
After the 100 instructions are executed, a command should be sent to
stop the UCTS timer.

Outpat
Commands should be sent to the UCTS te start and stop its elapsed

timer.

CONVERSION TEST

Identification

Convert to Engineering Units.

Cé



4.2

4.3

Purpose

This subroutine demonstrates the CPU ability to convert fixed point
data {representative of Sbacecraft PCM data) to Engineering Units. It
also {as an option) converts the Engineering unit value to a BCD code
suitable for display.

Program Requirements

This subroutine will, when called, act upon the resident parameters
previousiy read in to obtain data and‘;aTibration values to perform
the Engineering unit cﬁnversions. The cpnvefsion from raw data for
those measurements that are to be pkdceSSEd_as engineering uniﬁs is
by linear interpo]étion. This is. accomplished by using precomputed
calibration data pointé y0, Y1, ~-== yn. |

Data ranges in this program-are as follows:

a. The largest absclute value that will be used is 9999.

b. The maximum output value is also 9999.

c. “All values muit be considered whole values, therefore all
scaling is doﬁe prior to the input of the values.

d. The PCM data or raw data is an 8 bit count vaiue.
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4.4 Summary Flow

Convert Subroutine

Is No
data

linear

Yes

Compute
y=f {x)

'

SET SIGN
AND
STGRE DATA

SET SIGN
STORE DATA

: i
b

DATA

e ——
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4.5 Detajled Functional Requirements

4.5.1 Data Input

The raw data and calibration data will be previouslf stored in the
resident job 1ist as parameters. The subroutine when called should
use a register that points to this data.

a. Data Format

NO OF BYTES
Subroutine No.
COncurrenEy

Raw Data

4.5.2 Data Processing

The conversion is done by a linear interpolation between'two points,
for linear equations these are the end points. Equations that are
not linear are broken into segments. Each of these segments are

considered to be linear.

c9



Let X be used to represent raw data (bit counts) and Y, the
converted values (engineering units). If Xb is the current value
to be converted, then the resultant output is Yp.‘ The two stored
end points are found (XH and XL) such that Xy > Xp > XL and also,
the values Y, and YL that corresponds to Yy, = f(XH) and Y, = (X ).

=Yy LY
Xo = Y, Y
X =Y, v,

Then by standard ratio:

P L
and solving for YP

Xp - X, Yp - ¥

oo XX
X

o (Y, -y, ) +Y
H™h
Ho- "L | L

4.5.3 Output - The converted BCD values are stored sequentiaily in the output
area along with the subroutine 1dent1ffcat10h,number.

Data Format

Subroutine No.

No. Word

BCD Sign (f)

First BCD Digit

Second BCD Digit

Third BCD Digit

Fourth BCD Digit

Cio



4.6 Special Conditions

1. Data Scaling - The calibration data will be an integer scaled
to represent an Engineering unit value that corresponds to a
X value as shown on the input data format. The range of the

calibration data is + 9999, negative numbers are in two complement

form.
C.5.0 OPERATING SYSTEM
5.1 Identification

Operation System Reguirements

5.2 Purpose
The operating system will be designed td call resident test subroutines
that evaluate the CPU capabilities.

5.3 Program Requirements

The opefating system will consist of the”fdllowing modules: a
minimum Supervisor, Resident Test'Subroutines, Jdb Dispatchef, and
Data Exchange Routine. |

5.3.1 Supervisor

A minimum interface to the operating system is reduired'fo
initiate 1/0 and respond to interrupts. The supervisor wi]1.a1so
contain a self-loading loader that can be initiated by the hardware
IPL procedure. The IPL will load all modules including test routines
to be made resident during a run. After IPL has been accomplished,
the supervisor will initialize all functions necessary to begin
operation. It will then pass control to the Data Exchange routine to
read in job and parameter data to make a resident job 1ist (RJL) in

main storage.

Cil



5.3.2 Resident Test Subroutines

The computer will have "n" resident test subroutines which are
callabie by a job number from the Resident Job List (RJL) by the
Job Dispatcher. The following is a ]ist'ofKSUbroutines and assigned

call numbers:

Call Number | Subroutine

0 : Interrupt Reaction

02 1/0 Codes 1/0 Work

03 Memory Test (Read, Write)

04 _ Arithmetic Test

05 - Address Modifications

06 ‘ . Complex Instructions

07 Computational Program (High CPU Utility)

08 , - Time c¢lass of instructions

0% : Matrix Program

10 Housekeeping (Logical ability),
{Bit manipulation)

11 1/0, OMA, Efficiency

12 ‘ Memory Exerciser (bit creep, speed)

13 ' Engineering Units conversion

14 Math Routines

15 . Round Robin evaluation

16 Concurrent jobs (13, 14, 15, 11)
5.3.3  Job Dispatcher - |

Thiﬁ routine calls the-test.routines baseq'on the RJL generated
by the supervisdr. It interprets job numbers to tﬁe test‘subroutine
as a call for execution, and provides a pointer to the data .and
parameters to be used. Test data can be supp]iéd within the RIL or
by use of an I/0 function to evaluate concurrent operation.

5.3.4 Data Exchange Routine

This routine provides %or data exchanges between the test
routine. Functions performed by this routine are:
a. Read in user supplied control cards containing subroutines
names and parameters.
b. Convert subroutine name to a test subroutine call number.
¢. Provide parameter pointers. for test routine.

d. Store respaonse (results) from test routines.
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5.3.5

5.4
5.4.1

5.4.2

e. Start/Stop flag (interrupts) to trigger CPU into
starting on a resident test routine.

Summary Functional Sequence

After IPL has been completed, the supervisor reads in control
statements and generates a Resident Job List that is used when a
start processing command is issued. Resident Test Subroutines are
called based on data contained in this 1ist. Data is transferred
to/from the CPU by the Data Exchange Roﬁtine;

Detailed Functional Requirements

Data Input

The supervisor generates the Resident Test List (RTL) making
an entry for each control statement. The RTL format is shown in
Figure 1.

Data Processing

When a start processing command‘is issued, the CPU's cohtro] is
transferred from the supervisor to the Job Dispatcher Routiﬁe {JDR).
The start command causes the Job Dispatcher Routfne (JDR)} to call a
Resident Test Subroutine (RTS) based on the call huhber contained in
the list. |

As the RTS completes a job, it has the Data Exchange Routine (DER)
place the results along with an identification number (RTS call
number} in an output area. The JDR continues calling RTS unti] a
delimiter is encountered at which time the CPU sets the stop flag. Each
time the DER is called to place results in the output area, a mark

flag is set so that steps in a test may be timed.
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No. of Bytes/Entry
Subroutine Call no.
Concurrency Flag
Parameter 1

ooy 2

i

n N

No. of Bytes/Entry
Subroutines caf] no.
concurrency flag
Parameter 1

" 2

No.

e
e

AN

Parameter N

N

End of List Flag

4

FIGURE 1. FORMAT OF RESIDENT JOB LIST
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5.4.3

fhe concurrency flag if seét indicates that the next job ih the
RTL is to be executed along with the current job. Usually this
should be an I/0 operation or a mutually exclusive job that can be
cone in paraliel. An example df a concurrent operation would be an
I/0 operation flagged as concurrent and for eiample, an Ehgineering
units subroutine responding tc data supplied by the 1/0 operation.
A fixed number “ﬁ" Engineering units jobs could be done for each I/0
operation.
Data Qutput

The Dafa Exchange Routine (DER) is used tdlplace results in an
output Tist as shown in Figure 2. Each time a result is placed in
this list a mark flag is sef by the DER. The mark flag can be used to

time intermediate results or verify concurrent operations.

No. of Bytes/Entnf

Subroutine CaT1-no. - ‘ .
© Result - 1 entry
2 . : .

N

No. of Bytes/Entry

End of List Flag

FIGURE 2.  FORMAT OF RESPONSE LIST
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CYCLE RATIO TEST METHOD

Suggested Method for Determining I/0 and DMA*Speeas

INTRODUCTION

This method is suggestéd as a means of determining 1/0 and DMA speeds
of a test article, without varying input data frequéncy from the'tester,
(Unified Test Equipment (UTE}).

1.0 CYCLE RATIO TEST METHOD ADVANTAGES

. The rate at which the UTE outputs commands and data does
not have tb be supplied at high.speeds

. The UTE command and data rate does not have‘to be variabie

. There is no requirement for special hardware to generate
data words ét high cycling rates

2.0 ASSUMPTIONS o

., UTE data output (para]lei word);rate ﬁan-be operated at
speeds which are some fraction 6flthe slowest expected test
article interface rate

. The UTE data rate can be mgintained accurately and is known

. New data can be supplied to the UTE - test article interface
at the same time data is being read from the 1n£erface by
the test article | |

INTERFACING CONCEPT

One design configuration that will meet design requirements for
feeding data to the test article for the Cycle Ratio Test appears in

Figure 1.
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Command
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FIGURE 1. INTERFACE CONFIGURATION
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1.0 System Concept

When the UTE is ready to supply new-data, it will be stored
immediately in the Back-Up Register. As sbon as the test article
has finished reading a’ﬂata word frdm the Data Register, the Input
Contro]ier will strobe the new data from the Data Back-Up Regisier
to the Data Register; | '_

This assures that new data can be supplied to the UTE- Test
article interface at the same fime data is being read frqm'the
interface by the test article. Thié requirgmént is neceséary if
both the UTE and Te§£ Article are allowed to cyc]é independent of
one another. | | _'

The address/Command Generator is needed to generate néwladdress
locations for the data word read in each test article I/0 or DMA cycle
and is controlled by the test article time cyc}e.

2.0 Cycle Timing

Figure 2 shows a typizal cycle timing sequence. The UTE is being
cycled at a slower rate than is the test artfcle. Note that the LOAD
DATA REGISTER pulse does occur after the first trailing edge of a test
article cycle following the trailing edge of a UTE cycle.

The numbers within the test article positive pulse indicates a
typical word which is transferred to the test article during that I/0
or DMA cycle. A change in number indicates a word content change.

Within each UTE cycle envelope (T) thé number of test article cycles
receiving the same data word varies by one and only one integer as shown
by the circled numbers in Figure 2. This variance of one integer must
always.be true if the UTE and test érticie cycle times remain relatively
constant.

C. ANALYSIS
1. If the test article cycles ar a rate P times faster than the UTE cycles,

the ratio of the numbgr of test article cycles to the number of UTE
D3 |



cycles equals P exactly. This only occurs, however, after the number
of cycles approaches infinity.
By computing the ratio after a firite number of cycles, an error

exists between the true cycie ratio and the computer cyc}e ratio.
This is because there is no way of tracing a part of a cycle and thus
the ratio must be expressed as a ratid of_integers;_ An expression for
maximum . error was derived to insuré 2 known'accuracy of a ratio
computed after a finite number of cyb1es. .The expression predicts an
error of about .1% if 1000 test article .DMA or 1/0 cycles are used in
the ratio computation.
Derivation

The worst case error would be poésib1e.if7the ratio (P) were to
be exact during a UTE cycle preﬁious to the last UTE cycle included in
a ratio computation.

Let X = No. of UTE cycles when ratio became exact. .

Then, X + 1 = No. df UTE cycles used in ratio éompufation

Let ¥ = No. of UTE cycles record1nq Y hxgh 1nteger number of
test art1c1e cycles.

X+ 1-Y=No. of UTE cycles recording low 1nteger number of
test article cycles.

Actual low integer number of test article cycles.

=
]

W+ 1 = Actual high integer number of test artié]e cycles.

z

Exact ratio of test article cycles to UTE cycles

Let N = No. of test article cycles completed within the (X+1) cycles.

Z(X + 1) is the number of test article ¢yc1es that should appear
n (X + 1) UTE cycles.

This can be a non-integer number, thus:
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2.1

= number of test article cycles
js a number between -1 and 1

2(X+1) =N+ d where N
d
As the value Z (X + 1) can be a.nonfinteger; and N must be an integer
number of cycles; a fraction d must be édded to Nlto.make the equality
Z (X¥1) = N + d. Maximum error will occur when the value df d approaches
+1 or -1. In such a case, the value of N is one full integer away'from
making the calculated ratic - XﬁT approach Z. :

Thus for worst error

Z (X+1) =N +1

Low Integer # of Test Cycles

If the last envelope (T) at X+1, contained a low fntéger number of test
article cycles, then worst error case would be ‘
Z (x+1) =N+ 1
The true average Z can be expressed

7 = Y{u+1) ; (x-Y (W) ' o (1)

The apparent average A can be expréssed

A= Y1) + (1 - V)W) ' _ (2)
X + 1 ,
This apparent average will be lower than the true average by an error
of: ‘ _ _ : '
E/100 = Z-A (3}
z

Subtracting (1) and (2) into eguation (3).

£/100 7 = Y(WH1) + (X-V)W - Y(We1) +(X+T=Y)W
‘ . X+ ]
£/100 7 = YW + Y + XW = YW = YW + ¥ X+ W - W -
| X X1
E/100 Z = W+ Y/X - W-Y=Y-Y=XY+Y- X
X X % R(RY
E/100 Z = Y
KR
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E/100 = - Y
X[(+Z]

but (X+1)Z = N+
Therefore  E/100 = Y

XTRFTY

The highest vatue Y/X can reach is 1, thus the largest error in
this case is:

E/100 = (4)

A
N+1

_ 7. N _
and, A can be lower than the true ratio by N+l  at most.

2.2 High Integer # of Test Cycles

If the last envelope T at X+1, contained a high number of test article
cycles, then the worst case error would be
A{X+1) = N -1

The true average Z can be expressed

Zy = (Y-1) (1) + (X+1-Y) (W)
X (5)

The apparent average AH can be expressed

Ay = A= Y(T) + (1Y) ' ~ = - (6)
TS| '

This apparent average will be higher than-the true average by an

error of:

En/100 = A-Z . (7
w00 = AL | 7)

Substituting (5) and.(6) into eqUation {7):"

Ey/100Z= Y(w+])x+1(X+] - YW - (Y-1)(W+1) + (X+1-Y) (W)
+ , X .

Eq/100 Z = YW + ¥ +XH + W =YW - YW+ Y -W-1 + WX+ W= YW
X + 1 _ X '

ER/100 Z =Y + W= W= Y=1 = XY-XY + X - Y +1
X+ X XY

E4/100 = (X+1 - Y)
X [Z(%+1)]

o7



but  Z{Xx+1) = N-1
Therefore Ey/100 & (M} - Y
LXZN‘i“T%'

(X+1-Y) is the number of low integer UTE éycles, so‘iflthe last inteager

was high, the Targest value of X+1-Y  {worst case error) is 1.
X .

Thus the largest error in this case is:

Ey/100 = 1_ o | T (8)
: | . 7 o
and A can be higher than the true ratioc by Nl at most.
Thus: 7 N R .
7 TWTEAS T+ wor | @

Thus a computed cycle ratio would have a maximum error of about .1% by

1 .
using 1000 test article DMA or I/0 cycles, as Ey = 100 1_ = 100 i

N-1
max. error.

D. SIMULATED CYCLE RATIQ EXAMPLES

A computer program was written to show the errors possible in using the
Cycle Ratio Test. |

The computer ratio may depend not only on the number of cycles invoived
but also upon how the test articie and UTE cycles -were synchronized durinoe
the test. Thus the ratio computed when the UfE and test article cycles start
simultaneously (Delta Offset = 0) may be différent than the ratio computed
when the two cycles do not begin simultanecusly.

Delta offset is the part of a test artic]e cyc1e:between the beginnina
of the first UTE cycle and the first test articié cy;1e. |

For each Delta Offset, four values are printed:
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1. UUT cycles indicates the number of teSf‘artic1e cycles used in completing
the cycle Ratio Test.

2. UTE cycles indicate the number of UTE cytles used in completina the
Cycle Ratio Test.\+

|

3. Ave indicates the cycle ratio (A ?%%%—%i%%gé‘) which should approach
the actual ratio (2).

4. % Error is the percent error of the cyc]elratio (Ave.) to
actual ratio (Z) thus % error = 100% Eéﬂ

Inputs to the program are: o

1. The number of test article cycles. The program may use extra test
article cycles to complete the tast UTE cycle.

2. The actual ratio of UTE cycle length/test article cycle Tength.

If N is the number of test article cycles, maximum error can occur if (1)

N-1 is slightly less than an integer (2) N+1 is slightly greater than an integer.
ratio ratio

Case (1) is true because a possibility exists of getting an extra test
article cycle under an ideal condition causing the computéd A to be laraer

than the actual ratio. The errcr should be 100 { 1 )

1.0 Simulated Low Integer # of Cycles

As an example let N = 10

N-1 s slightly less than an integer (I)
ratio ' ‘ o

Let I = 8

Thus ratio is slightly greater than N-1 =9 = 1 125
8 9
Thus let ratio = 1.125001

The ratio A should have a max error of 100 = 11.1111% and A should be
9
larger than the actual ratio by this error margin.
Figure 3 is a computer run of the above mentioned ratios illustrating

error at a point near N-1.
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200 High Integer Number of Test Cycles
Case {2) is true because a possibility exists of getting one less test articie

cycle under ideal conditions causing the computed A to be samller than the

actual ratio. The error should be 100 ( L

N+ 1
Using the same example as above
N=10 |
N+ 1 1s slightly greater than I
ratio

Thus the ratio is slightly less than N+l = 11 = 1.3750

1
8 8
Thus let ratio = 1.374999

The ratio A should have a max error of 1 = 9.0909%, and A should be smaller
1

than the actual ratio by the error margin.

Figure 4 is a computer run of the above méntioned ratios illustrating

error at a point near N + 1.
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APPENDIX E
UTE_HARDWARE DESCRIPTION

This appendix contains brief descriptions of the required UTE hardware

modules necessary to perform UCTS functions.

Section A - Display and Control Modules
Section B - Acquisition And_Command Module
Section C - Data Recording Module

Section D - Hard Copy Module

Section E - Data Disp]ayLModule

Section F -~ Mass Memory Module

Section G - Program Preparation Peripherais



A.

DISPLAY AND CONTROL MODULE (DCM)

The Display and Control Module is contained in a single console
designed for use by one operator.

The Console appearance is similar to an executive office desk with
2 CRT's and a keyboard mounted on work surface as shown in Figure A-1.
The DCM is a stand-alone unit mounted on casters with overail dimensions
of 108" x 44" deep x 45" high. |

The DCM consists of.é]l elements shown in the block diagram in Figure
A-2 plus power supplies. |

Operator's entfy is via.a keyboard cohtainjng 16 variable-function keys, -
15 special fixed-function keys, 10 control and editing keys, and a set of
typewriter keys containing 32 graphic symbols in shifted mode. A legend
display consisting of ﬁp to 10 alphanumeric characters can be programmed
for each of the variab1e_funct19n keys.

Two color TV Monitors (CRT's) are used for all information display.
The Control Display (right CRT) provides alphanumeric, status, and event
symbology plus a cursor. The Data Display (left CRT) provides alphanumeric,
status, event meter bar, special graphics and trend symbology.

A repertoire of 64 alphanumeric characters can be displayed with up
to 52 characters per line and 25 1ines per page. Status or event data can
be displayed with up to 5 annotated-patches per 1ine; The meter-bar symbol
including annotation and representation of the analog parameter state can
be displayed on up to 25 lines. Up to 3 trend curves can be presented
simultaneously with 256 points per curve and 128 possible levels for each
point. 32 Special-graphic symbcls can be used to construct pictorial

diagrams. Color can be combined with all of the symbolqu‘to highlight

El
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DISPLAY AND CONTROL MODULE

" FIGURE A-1
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51gn1ficant chéracteristics such as data out-of-tolerance, change-of-state,
or feature discrimination.

A1l parametric prbces;ing, for the two CRT's and up to 6 external Data
Disp1ay Modules (DDM's), is performed by the Display Prbcesscr._ The Display
Processor transfers the processed data to a separate refresh memory associated
with each display. |

A Data Bus Interface provides 2-way communitations-with eéch.of_the
DDM's. | |

The Control Processor performs overall executiﬁe contfo], data state
determination, data-dependent operations, variable computétioh, sequential
operations, file-management operations, display callup, program loading,
recovery operation, and self-test functions. The Control processor is a 16-bit
general-purpose machine with a 4K modifiabTle-ROM microprogram memory and an
instruction cycle of less than 100 nanoseconds.

Primary Memory consists of 32K 16-bit words of core in 4 banks. Each
bank has 4 ports and all banks can be simultanecusiy accessed. Secondary
memory consists of a Fixed Head Disc with 374K 16-bit-word capacity.

An 1/0 unit provides both party-line I/0 and'direct-memory access for
extefna] device controllers in addition to the internal Fixed Head Disc and
the Select & Route.

A real-time clock derives time in millisecs through days from the 60-cycle
power line. Time is displayed to the operator on the control display.

Each DCM receives data from the Acquisitioh and Control Module (ACM) via
the common 32-bit parallel response link. This data is sent to the Select
& Route circuit for time-tagging and siorage in core memory. In éddition,
critical data may be received from ACM via the serial data bus and the data

bus I/F. The serial data bus, which is common to each DCM and ACM is also

E4



used by the Select & Route when transferring program and command information
to the ACM.

DCM controls the operation of the Hard Cppy Module when a DCM or Data
Display Module (DOM) operator requests hard copy of his display. DCM
services the requests as received,fstops‘updating.the‘designated display,
provides commands to swiﬁch ;oded-video on io the video bus, and controls
printing. |

A Mass Memory Interface is prov1ded for transfer of information to and
from the Mass Memory Module.

The Tape Controller providés for the transfer of data to and from the
Data Recording Module. In addition, the Tape Contro1ierfﬁrovides for the
contro} and sequencing of up to 4 tape drives. |

A Card Reader Controller, a Card Punch Controller, and a Mov1ng Head
Disc Controller provide control of opt1ona1 software preparation devices.

A Maintenance Panel Controller permits an external panel to be used in
performing extensive H/W & S/W troub?eshobting.

DCM will accept monochrome composite video for display on the teft CRT.
In addition, it will output a color composite video from either the Control
or Data Display and RGB video is available from both displays.

Se1f—test features permit on-line detection of error and allow failure
isolation to the line replaceable item.

Provisions for mounting facility intercom systems are included.
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ACQUISITION AND COMMAND MODULE (ACM)

The Acquisition and Command Module performs data processing and
command formatting and provides the primary iﬁterface with the test area.

A1l elements shown in bfock diagram in Figure B-1 plus power supplies
are contained in two (2) standard cabinets with the following dimehsions;
48" wide x 30" deep x 72" high.

Communications, critical data, and program data are transfefred
between DCM and ACM via the communication data bus. Al1 response data
required for display, processing, or recording is sent to all DCM's via
the open-ended parallel response 1ink.

The Command Formatter & Sequencer is a special-purpose processor which
can generate multiple command sequences with word length up to 32 bits and
at a rate up to 40K-words/sec. The CFS can measure time intervals in
1-miliisec increments. The CFS can request the Response Formatter to
indicate receipt of selected measurements.

The Command Transmitter contains a parallel-to-serial converter, error-
code generatioﬁ, aﬁd 1ine drivers for interface with the facility long-line
transmission system.

Memory will be addressable to 65K words and will consist of multiported,
independently accessibie banks capable of being cénfigured to provide
dedicated portions of memory to the Decom, Limit Check, and Response Formatter.
The memory has the capability of read-modify-write on a single access.

The Decom w1]1 accept PCM data words from the orbiter vehicle. It will
tag measurements with a 16-bit identifier and the PCM format is programmable.
The Decom will accept a redundant PCM inputland automatically switch lines

to recover from loss-of-synchronism due to a transmission error,
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The Limit Checker accepts data up to 16 bits in length and performs
fixed and floating-limit tests on t%e upper 8 bits. Four floating-limit
apertures are selectable: 1, 2, 4 and 8 counts for B-bit words (4, 8, 16
and 32 for 10-bit words). One of five states is determinéd by the fixed-limit
test. Only non—rEdundant data is sent to the Response Formatter.

The Response Formatter is a special-purpose prnceésor_which reformats and
tags. data for OCM processing and recording. It can handle 32-Eit words
(16-bit data & 16-bit‘address) at rates up to 400K wordsfﬁec}

An alternate ACM can be operated in parallel ina passive—hqnitoring
mode with the Response Link open. State-of-hea]th_fs continually détermined
by both ACM's and reported to the Master DCM. When failure of the primary
ACM is detected by the Master DCM, theoperator can initiate switchover and
recovery on the alternate ACM.

Self-test features of the ACM permit a failure to be isolated to a Line
Replaceable Unit.

DATA RECORDING MODULE (DRM)

The Data Recording Module provides the capability to store and retrieve
data on magnetic tape. Two 1/2" Magnetic-Tape Drives are enclosed in a
cabinet which is 24" wide x 30" deep x 72" high.

Each tape drive permits data to be recorded on 9 tracks (including
parity) using 1600-cpi phase encoded or 900-cpi NRZIL formaf. Automatic
threading and vacuum columns reduce tape wear and maintenance. Use of 10 1/2"
reels permits approximately 40 x 106 8-bit bytes of storage per tépe at
1600 cpi. A tape speed of 125 ips results in a maximum reéording rate of

200K-bytes/sec (8 bits + parity).
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HARD COPY MODULE (HCM)

The Hard Copy Module provides high-contrast, permanent-copy paher
output in three forms: CRT-image copy, line printer, and graphics.

The HCM containing printer, p?inter\]ogié,.paper cutter, and power
supplies 1is contained in a console-type enclosure with dimensions: 27"
wide x 32" deep x 30" high.

Copy is electrostatically reproduced in a dot-matrix format 10" wide
on a 11" page width with programmable page length. Paper is automatically
collated and made availéb]e for front access with printout ratés up to one
8-1/2" x 11" page per second or 4800 lines per minute._

With a print resolution of 80-dots per inch the HCM cqntafns sufficient
buffering to convers 525 line TV (interlaced) scan rate to the print rate.
In Tine-printer mode the alphanumeric format is 132 characters per Tine. In

graphics mode each dot is printed selectively.

DATA DISPLAY MODULE (DDM) _

The Data Display Module provides operator selection and display of all
pages available within the host DCM. _

The DDM which is shdwn in Figure E-1 is 24" wide x 30" deep x 45" high
(including table). A1l elements shown in the block diagrém in Figure E-2
plus power supplies are contained in-the sihg]e‘enc105ure which is mounted
on casters for easy movement.

Page selection is performed using 10 fixed-function keys containing
numerals 0 - 9. In addition, thg‘keyboard'COntainS'key§ for confrbl
functions such as: "hard-copy", "execute,ﬁ "external-video,” "backup," and

"power-on/off". Any pages which can be di$p1ayed on DCM can also .be displayed
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on a DDM. Communication and display data are transferred between DDM and
DCM using a data bus. A Data Bus Switch permits the DDM to be readily
connected to the backup DCM. |

DDM contains a data-bus interface, refresh memory, trend generator,
display generator, display timing, and color CRT interchangeable with that
used in DCM. ' |

A video switch enables DDM to accept monochrome-combosite-video for
display. The video color coder and switch provides hard-copy compatible video
and timing to the video and timing bus fn respohse to an operator request via
OCM control. |

Provision for mounting facility intercom unit is provided.

MASS MEMORY MODULE (MMM}

The Mass Memory Module provides a shared—prdgfam ahd data-storage
function for a UTE station.

The MMM, which consists of the elements shown in block diagram in Figure
F1 is 30" wide x 30" deep x 72" high (approximately).

A moving-head;disc drive which accepts a removable disc pack (IBM 2316
compatible} is used. The djsc pack contains 11 discs with 20 surfaces
usable. One disc pack provides 29 x 106 16-words of storage with a peak
access rate of 156 K-words/sec.

DCM interface control provides.switching andpriority requests for up
to 8 DCM's. The disc-drive controller maintains head location and control

for the disc drive.
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G,

PRCGRAM PREPARATION PERIPHERALS

{a)

{b)

(c)

The fellowing devices are used in the preparation of test programs:
Disc Memory - provides for storage of up to 512 K 16-bit words on

single removable disc. This unit is contained in a cabinet which

s 24" wide x 30" deep x 72" high.

Card Reader - permits standard 80-column cards to be input at

rates up to 1000 cards per minute. The Card Reader is 24" wide x

30" deep x 45" high including a table.

Card Punch - permits standard 80-column cards to be punched
automatically under DCM control at rates up to 90 cards per minute.

The card punch is 44" wide x 30" deep x 45" high.
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APPENDIX F

UTE SOFTWARE DESCRIPTION
This appendix consists of three major sections concerning UTE Software.
Section A - Software Modules implemented in UTE.

Section B - Brief Description of UTE Test Language

Section C - Program Prepa?atibn and Verification of UTE Test Software



 APPENDIX F

SECTION A.  SOFTWARE MODULES IMPLEMENTED IN UTE

1.0 INTRODUCTION

UTE software consists bf seven subsystiems whfch operate under
control of an overall system supervisor. |

These subsystems are oriented toward the major functional areas
of job control, file management, test-language compilation, test
operations, and UTE self evaluation.

Overall system supervision is provided by the Basic Operating
System Supervisor, or BOSS.

Since BOSS provides functions common to all subsystems, it is
discussed first in the following description.

2.0 BASIC OPERATING SYSTEM SUPERVISOR (BOSS)

The BOSS provides executive control for time-shared multi-program
operation; resource allocation for memory management; and a consistent
software environment through interfaces for display control and processing,
operator communication and peripheral Input/Output (I1/0) control.

2.1 Executive Controls

Executive Control provides task scheduling by priority assignments.
The types of scheduling available are as foliows:. |
. Schedule execution at a specified time. The time base may
be‘real (e.g., time-of-day or GMT) or relative-(e.g., elapsed

test time or countdown time).
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2.1 EXECUTIVE CONTROLS (continued)
. Schedule gxecution after specified time delay. The
time delay is specified in minutes, seconds and milliiseconds.
. Schedule execution on receipt of spécified responses.
. Schedule execution on an available time basis.

2.2 MEMORY MANAGEMENT

Memory management controls the transfer of programs, parameters,
and test sequences from the console disc to core memory. There are
three basic categories of core memory utilization:

. Basic load programs consisting of those system-supervision

functions which require permanent core residency.

. Alternate resident programs which comprise the subsystem in use.

. Non-resident programs such as Load and Exe;ute programs, test

. seguences, remote-device programs, or data-in-transit.

2.3 OPERATOR INTERFACES

The Operator interface provides the-meéns for operator control of
the UTE system>activity. |

Commands received via the fixed and variable-functibn keys are
decoded and routed to (i.e., cause execution of) the assigned software
functions.

Variable~function key assignments are dynamiﬁally specified by
the subsystem in use.

Fixed-function keys are assigned torsubprograms within the operator
interface to provide control of display formats, trned generation,
hard copy control, etc.

Also included is the interface to provide communication with the
operator in a tutorial ﬁquestibn;answer) mode for obtaining variable

information.
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2.4

2.5

3.0

3.1

DISPLAY CONTROL AND PROCESSING

The subprograms comprising this progrém provide the interfaces for
selecting display-page formats and the subsequent processing df data
for display. o :

Processing capability includes the following disp?éy processors:

. Decimal-display analog values in-engineering units

. Alphanumeric display of event states

. Scaling of analog values to meter-bar displays

. Coloring status o;'event patches as a function of the
state of a variable _

. Coloring graphics displays as a function of the state of
the variable

. Scaling variables for display on a trend plot

1/0 CONTROL
1/0 Control consists of-subprograms, one for each peripheral ;evice,

which provide a standard software interface for all ather system software.

JOB CONTROL SUBSYSTEM (JCS)

Job control allows operator selection of: the subsystem, the activity
within that subsystem, and any further sub-selection until the desired
level of operation is cbtained.

DECISION TREES

Selections are made using the variable keyboard. The initial
selection will display function names_analogous to the available software
subsystems. (Since the user can specify the variable-function-key

annota;ion, more meaningful names may be substituted for the subsystem

names.)
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3.2

3.3

4.0

Selection of a subsystem may, if_app?icab}e, cause ;he selection
of activities (or programs) within that subsystem to be d%sp]ayed.
This procéss may be repeated for successive levels of decision, thus
affecting a "Decision-Tree" of access.

QOPERATOR IDENTIFICATIONS

The user may specify "Operator-ID" codes, which will be used to
implement access security. This code is then applied as a "key",
which in turn restricts the selections presented by the decision-tree.

Thus, the user may restrict access to any desired level.

UTILIZATION LOG

Job Control dctivity is recorded in the utilization log on the
console disc. Entries into this log may be made by other‘subsystems.
The capability is provided to present this.information in the form of
a utilization report.

The following, as a minimum, will be logged:

. Operator-identification and time.
. Decision-Tree Selections
. Self-evaluation activities and results
. Operator sign-off
FILE MANAGEMENT SUBSYSTEM (FMS)

The File Management Subsystem allows the operator to create, copy,
edit, and manipulate files in the DCM. It also contains the interface
with the Central Data Facility (CDF) and the Mass Memory Module (MMM).
Thus, these two devices may be used as the source or the destination of

the above files.
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4']

4.2

Subsets of the File Management Subsystem are avai]ab]e to other
software subsystems to provide interfaces to the CDF and MMM,

DISC UTILIZATION

This is a special stand-alone program required to build a console
disc from scratch. The Disc Initialization Program loads the disc from
scratch. The Disc Initialization Programs loads the disc with basic
BOSS resident load, (i.e., the program load on execution of an Initial
Program load {IPL}, the file-management programs, and those I/0
routines necessary to complete the disc building).

The remainder of the files are then loaded to the disc by the file-
management programs from the systems peripherals, including the CDF and
MMM,

FILE MANIPULATION

Programs are provided which include, but are not iimited to, the

following functions:

- Addition of a file to the console disc from any
source, inciudiﬁg COF, MMM, and Core‘Memory

. Replacement of a file on the console disc with a file
from any source as above.

. Deletion of a file on the cansole disc with a file
from any source as above |

. Copy a file from the console disc to any dest1nat10n,
including CDF, MMM, and Core Memony ‘

. Editing of test files, which includes addition, deletion,
or insertion of logical records; text editing such as
byte-string fep]acements"fie1d manipulations; sequencing
of logical records, with specification of sequence fields,

starting value and increment

F&



4.3

5.0

5.1

5.2

COF TERMINAL MODE OPERATION

This program provides the optional capéb1lity of using the DCM
Control Display and Keyboard as a CDF terminal, using thé standard
Communications Language. :

This provides the operator fhe ;apabi]ity of direct data transfers,
between the console disc and the CDF.

TEST LANGUAGE COMPILER SUBSYSTEM (TLC)

The Test Lahguage Compiler converts Test Language Programs, con-

sisting of test-engineering-oriented statements (source statements), to a

‘loadable-binary format executable by the Test Operating Subsystem.

INPUT TRANSLATOR
Test language saurce statements are input from the operator-
designated device as character-mode records.

These records are checked for format; syntax, and semantics

. errors, then translated to an intermediate-binary format acceptabie by

the Element Compi]ek.
ELEMENT COMPILER

The Element Compiler converts the intermediate binary from the
Input Translator, to the required series of object 1nstruétions that
will perform the operations specified by each of the origina] source
statements. _

Storage cells are assigned for the variable-némes defined by the
test writer, and references to these cells by the test program are
converted to relative addresses.

Data-base information, obtained from the CDF, is used to correlate

variable names assigned to real measurements and stimuli.

Fé



5.3

6.0

6.1

6.2

6.3

QUTPUT TRANSLATOR

The Output Translator completes the conversion by translating
the object instructibns. generated by the E}ement Compi]er; to the
specific instructions required forl1nterpretatibn.by‘the designated
UTE unit. ‘

The resultant binary infofmation is output in the format required

by the binary-load programs.

TEST OPERATING SUBSYSTEM (T0S)

The Test Operating Subsystem provides execution of Test Language
Programs to check out a Test Article.

TEST OPERATING EXECUTIVE

The Test Operating Executive controls execution of Test Language
Programs. It is functionally the same as the Test Debug Executive
without the operator control of program-execution rate.

TEST_ELEMENT OPERATORS

The element operators are discuSsed.under the Test Language Program
Debug Subsystem.
TEST SUMMARY LOG

The Test Operating Subsystem maintains a Test Summary Log file on
the console disc. It will file the Opefator-ID, the Test Program
Selected, time-of-selection, and,timé of termﬁnation. The rest of the
log will be determined by the Test Language'Prdgrah as specified by

the user. Examples of the type of informafion which may be filed are

operator command entries, test bench—mafks, test-completion status, and

discrepancies.
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6.4

7.0

7.1

1.2

7.3

PARAMETRIC DATA TAPE

Selected parametric-test-data, as specified by the test writer,
will be filed on the Parametric-Data Tape. Data which may be filled
includes both measurement and stimuli data plus time.

UTE_SELF EVALUATION SUBSYSTEM (SES)

This subsystem provides on-site fault detection and isolation for
UTE hardware. Operator interfaces are oriented to line repair
disciplines.

OPERATIONAL READINESS PROGRAMS

These programs exercise the UTE modules, operationally, to verify
system readiness prior to testing. Oiagnostic capability is limited
to fault detection at the module level.

MAINTENANCE PROGRAMS

Maintenance program; provide diagnostic testing of UTE modules for
acceptance tests, periodic preventative maintenaﬁce, and fault
isolation for on-site repair.

While the resolution of fault isolation is dependent on module
complexity, it may be generally stated as not hore than one hierarchical
level above the LRI.

FAULT ISOLATION PROGRAMS

These programs provide fault isolation to the LRI for those

modules whose complexity prohibits this resolution by Méintenance

programs.
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- " APPENDIX F

SECTION B. UTE TEST LANGUAGE (BRIEF DESCRIPTION)

1.0

2.0

2.1

3.0

INTRODUCT ION

This is an introduction to the Unified Teét Equipment Test
Language (UTETL) to acquaint therreader with terms.of the language.
The intent is to help the reader better understand the manner in which
the various parts of UTETL fit together;

The UTE Test Language is a compiler level language which gives
engineers and other people who are not programmers the ability to
generate software in the form of test programs . |
STATEMENT |

The smallest entity in the UTETL Tanguage is the "statement." A
statement is a.ccmpiief instruction that causes sevefallmachine
instructions to be executed. A test program-is made up of the logical
grouping of statementis which perform the required tasks. -

STATEMENT TYPES

UTETL statements are of two types:

. Name statements whose purpose is to establish a name
for a parameter, entry point or activity.

. Step statements which perform tasks or describe an
activity or part of an activity such as defining the
colors associated with the states of a test article.

The reference manual (UTE # 0.5.0.0.7.0) refers to "blocks" which
are sets of step statements between name statements. A name statement
terminates the preceding block and starts a new one.

TEST_PROGRAMS

A test program is made up of up to four separate sections. Each

section performs a separate function and has its own set of allowable

statements.
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3.1

3.2

THE $SPECIFICATION SECTION

The first section, reférred to as the $SPECIFICATION (The § is
silent or not silent as the user may choose - the $ added to the

term “SPECIFICATION" emphasizes the fact that we are talking about

SPECIFICATION section df a UTETL test program), specifies parameters

and variables which are referenéed in other sections of the test program.

The statements in the $SPECIFICATION section perform the following
functions:

1. Assigns names to the following: measurements

‘ stimuli
computed analog values
computed discrete values
CRT message fields ‘

2. Links the data base iaentification with the name assigned by the
program. 7 |

3. Defines names for the various.states associated with measurements,
stimuli, computed analog values and'computed-discreté‘Valueé.

4. Defines the colors associated with each of the defined states.

5. Defines whether to record significant changes in value or state of
measurements and computed analog values and computed discrete
states.

6. Provides branching capability based on the value of a computed
analog or discrete value.

7. Performs the replacement function (A<& B read A is replaced by B).

8. Defines the number of characters in a message.

9, Allocates core.

THE $PROCEDURE SECTION

The $PROCEDURE (the $ is handled just like in the $SPECIFICATION

as it is in the other two sections of the program) contains the main
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program logic. As opposed to the $SPECIFICATION section whose instruction

set specifies and describes, the instruction set of the $PROCEDURE

section is made'up of "executable" instructions which make things happen

in the test articles. The $PROCEDURE section is analagous to the "main

program” in other compiler languages.

The statements in the $PROCEDURE section perform the fo11owing

functions:

1.

w o ~N O

1.

12.

Assigns names to the following: Control loops - groups of control logic

Entry points - a Tocation within a ,
pragram which is the destination
- of a branch or transfer statement.

Initiates the execution of a prcgfam modﬁle, in the associated $TESTS

section. |

Terminates the execution of a program module.

Initiates the presentation of a complete page of CRT display

information.

Links-a Variable Function Key (VFK) with a module which executes

whén the VFK 1is depressed.

Negates a VFK program link.

Returns control to the monitor when appropriate.

Performs the replace fuhction {Ae-B read A is replaced by B).

Provides branching capability based on a real or computed value.

Initiates the display of a message on a CRT.

Provides a pause in the execution of statements for a specified

period of time.

Provides an unconditional branch.
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3.3

3.4

THE $TEST SECTIONS

The $TESTS section statements are used to build small logic
segments referred to as "modules”. These modules are analogous to

subroutines. The modules are caused to execute by being "called" by

a statement in the associgted $PROCEDURE section. When a module finishes

executing it must return control back to the $procedure.
The statements in the $TESTS section perform the following
functfons:
1. Assigns names to the following:
Control Loops - groups of control 1ogic
Entry Points - A location within a program which is the .
destination of a branch or transfer statement.
2. Stimulates the equipment assotiated‘with a test article.
3. Returns control from a module back to the caiiing program.
4. Performs the replace function (A‘i-B read A is rep]éced,by B).
5. Provides branching capébi]ity based on a real or cOmputed value.
6. Initiates the display of é message on a CRT..l o
7. Provides a pause in the execution of.staﬁemeh;s for a sbecified
period of time. | o
8. Provide§ an unconditionail branch.

THE $DISPLAY SECTION

The $DISPLAY section is concerned with setting up displays or
portions of displays to be utilized by the $PROCEDURE or $TESTS
sections of the test program. it should be noted that the $DISPLAY
section cannot cause any part pf 2 &isp]ay to be pfesented.

The statements in the $DISPLAY section perform the following

functions:
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Assigns a name to a full display page.
Defines the parametérs associated with the di3p1a§ of meter'bars.
Defines the parameters associated with the display of event
patches. ‘ |

Defines the parameters asociated with the display of horizonta)
and vertical bars.

Defines the text of a méssage.

Defines the position on the CRT face for a message.

Defines the format and position on the CRT face for disp?ay of a

measured or computed value.
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APPENDIX F

SECTION C.  PROGRAM PREPARATION AND VERIFICATION -

1.0 INTRODUCTION

The Program preparation and Verification (PPVj'coﬁcept proQides
an economical approach to those activities associated‘With program
preparation, compilation andtverification.; PPY utilize$ system
resources available at any UfE_Test Station. Therefore, the functions
performed achieve a high degree of mobility since any Tést Station
can be used for PPV. The PPV requires a minimum of on-line support
from the Test Stations and is essentially a stand-alcne system.

The PPV system‘proiides for an efficient and flexible man-machine
interface to perform all the activities necessary for program prepar-
ation, compilation, edifing, verification, and distribution.

2.0 SYSTEM INTERFACES

The principle inputé‘to the Program Preparation and Verification
system consist of: |

. Test Programs from the Test Engineer.

. Test Program Library updates.

. Measurement/Stimu]i Data Base Updates.

. Equipment Configuration Data Base from Test Stations.

. Verified Test Program Source, documents and-schématics ffom the DSM.
Outputs from the PPV system include:

. Test Program System Load disc to,the=Test'Station.r

. Hard-copy 1istingsito the Te$t Engineer;~

Updates of verified tést Program Library.
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3.0
3.1

3.2

. Card or tape copies of Test Program source.
. Verified Test Program source microfilm to DMS.

. Verification diagnostics to the Test Engineér.

N i
PREPARATION, COMPILATION, EDITING, VERIFICATION & DISTRIBUTION

PREPARATION

Test programs are prepared foﬁ compiiatibn at the PPV_system;
In preparing a Test Program the Test Engineer hust establish the test
requirements for the system being tested; He hés,accésslto the‘DSM
for a source of verified information. With the aid of the ihformation
stored in the D5M, he is able to select verified Test Program Procedure
and test sequences for insertion into his Test Program source. The
Test Engineer prepares the Test Program source off-line on cards or tape.
If the Test Engineer requires Test Programs from the Verified Test Program
Library, he can obtain copies in card‘form formanual insertion into
his source deck or by the use of the File Management Subsystem he can
merge his source with the Test Program Library Source either on tape or in
the MMM. The most economical method would be to merge source from card,

tape, or disc into the Test Program source file on the MMM.
COMPILATION |

Prior to compilation,rthe-Test-Langu;ge Compiler is brought into
the main memory of the béckup DCM from its fixed-head disc. The TLC is
written in Fortran IV to assure mach?ne'independence. Any changes to the
Test Language Compiler assumes the existence of a higher-level compiler

(Fortran IV) resident on disc at the PPV system (compile the TL Compiler).
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A1l inputs to the TL Compiler reside in the MMM. The Measurement/
Stimulus Data Base is updated pgrioical]y. The'most_current Test Statdon
Equipment Data Basé must be traﬁsferred’to or updated at the PPV sysfem.
TL Compiler object (unverified) is stored in the MMM in the TP System
Load file.

The conténts-of the TP System Load file consists of:

. Procedure Name and SFatus | |
. ACM Programs |

. UTE Configuration Table

. Symbolic Reference Table

. Procedure Sequences

. Test Sequences

. Expanded TP Source Representatidn

The expanded TP source is listed on the PPV Hard Copy Module at
compiie time. The Test Engineer uses the TP 1isting for a first Tevel
of verification of TP syntax and semantics.

3.3 Editing

The Test Engineer reviews the combi]e—time errors and edits the
Test Program from the backup DCM operators console, With the aid of the
File Management Subsystem he is able to make insertions, corrections,
and deletions to the expanded TP source representation stored in tﬁe
unverified TP System Load File. In 6rder for the Test Engineer to
verify the TP display-pages and variab1e4funttion keys, he must
initialize the unverified TP System Load iﬁto'the backup DCM. Once
he has verified the page format he can request a hard copy from the
HCM. After all major revisions of the TP Source are made, the Test

Engineer can recompile befgre prdceedinglinto the finaI'verificatﬁon phase.
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3.4 VERIFICATION

There are several levels of verification of Test Programs:

. TLP Compiler Level
. TP Logic Level
. Simuiatioh and verificaiion:of Procedure and Test
Sequenées'in the Test Operational Mode. |
Verification at the first two levels is accdmb]isﬁed-during the
compile and edit phases. The ffna] 1eve1“of verification fequires

a minimum reconfiguration of the Test Station resources.
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APPENDIX G

: | This appendix contains three sections covering the subdeét of
‘prime power testing of digital equipment.

Section A. Testing D.C. Prime Power
Section B. Testing A.C;'Prime'Power

Section C. CommercfalTy Available Test Equipment.



.0

2.0

2.1

2.2

2.3

 SECTION A - TESTING SYSTEMS REQUIRING D.C. PRIME POWER

INTRODUCTION

The following discussion relates to testing being done on
Aerosp&ce equipment being produced éﬁ the Aerospace Electronic
Systems Department of the General Electric Company. Figure G-1
shows typical D.C. test circuitry.

TESTS PERFORMED

The following teﬁts are performed to assure the quality of
the test article. The fai]ure'of anyiof the fﬁ]]owing tests will be
interpreted as a test article failure and heceSsary corrective
action shall be taken. |

High Voltage Test

A high voltage'test s conducted {nominal voltage plus 10%)
over a wide temperature. A failure of the test arficle to operate
according to specification at any temperature wi11.1n1t1ate test
article corrective action. |

Low Voltage Test

A low voltage test is conducted (nomiral voltage minus 10%).
The procedure and results are handled in a similar manner to that

of 2.1.

Power Interrupt

A power interrupt test is conducted during the high and Tow
voltage tests and at various temperatures. The test article must
operate through a .5 second power interrupt at either high or low

voltage. This test is implemented by single pulse interrupt and a



long. wa'lt'lng period Mon anotlm' and 2 burst of wlses uwp to
.;sczdutycycle. ERA I ; | |
o A power 1nterrupt of Ionger duntion 1: ﬂso 1w1mnted to .. ’
. assure that the test article vdl! proporly shut m 1f power is
1nterrupt¢d for nrieds Iongor than 1 smnd. This tnt is .nso-'
"'Jimplmted with singlc aud mltiple 1ntorrupt hursts. ’
24 Transient Testing | s
R Transhnt testing 1s done on various pulse width and |
amplitudes dependnt upon the customer' $ specifications. The:

N 'implementation inc!udcs 8 set of- power suitching devices which )
are controlled by progra-ahh logic. 'lhc relm suitch out the
nomina'l prime pmm' and switch in the transient ‘amplitude for :

L controlled munt of tin. The nqniual power {s then saitched Incl:

: to the test art*lch. A t.ypinl pour tnmicnt nvoforu 1: shown
in Figure s-z. | | oot R

o It 'ls noted ‘ln F'Igun s-z thlt dur'lu the relay ourating time

 the power gnes touard grouud. This is mmm in that it

| .s‘\i_m:lam the actu_,l vehicle conditions,_ |



SECTION B - TESTING SYSTEMS REQUIRING A.C. PRIME POWER

1.0 INTRODUCTION |
Systems requiring A.C. power sources are tested similarly
to the D.C. systems shown in Section A of th1§ appendix. There
“are also additional tests performed.

2.0 ADDITIONAL TESTS

2.} Frequency Variation Tests

‘The.supply frequency is varied plus qr minus ]0% from nominal -
at room-temperature only to assure that thé ihput:iSolation
transformer is-wound correctly. |
2.2 The sine wave distortfon test is performed but only in the engineering
laboratory to promote a design whjch wﬁil accept "bad" aircraft

waveforms. .
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SECTION é . = COMMERCIALLY AVAILABiE_TEST EQUIPMENT

The following {s a reproduction of commercially available typical

A.C. test equipment. -

The General Electric Company fs by no means promoting the company
shown, but rather, is 5how1hg the literature as a typical exanple of A.C.

power test equipment which is commercially ayailable;



Wr\ Fobaad JLECPR 4

e .-\ e
e SV - rLGAnf¢uw1 T6-704A

L 7 ,, -_, k l L 1N -
E } il '”’”” g N 151740 T_6UICEA G 05T LUATOR Mt f
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MODELS: TG-704A<-1 (single phase) $1,995,00
o TG~704A-1D (singie phase with harmonic distortion) $2,145,00
T6-704K-3  {three phase) §2,245.00
16:704A=%0  CHires phaas wlth harmnnfr distortiony . - 372,495,00
SEELILIEETIONG |
OUTPUTS
FREQUENCY |
RANGE {steady state}- 300-500Hz, resolution IHz, and 45-70Hz,
o "~ resolution 0, IHz, push-button select
TRANSIENT NﬁGHITUDE- +100Hz m2x, (327 5“0”2 ran:e) resaluticor |1z,
‘ and +1CHz rax, (4;-7”ﬁz) ressluticn O,1Hz
TPAHS[ENT'ouRhTIOH‘ 0.01% « 15,0 scconds adjustoble In 3 ranges
it et fE ot in bootinlts Bruenetitind filthead, bims ries Fobnront

VOLTAMIE (a1t output of a:z0ciated poxzr amplifier)

HPUT

.._.\/l

LIRSS

F115E (stezcy state) 55-205% Vi¥S line to neutral, resolution 0,5 Vm*d
CONFIGURATION Snpﬁase 4 wire wye, or single phase
TRANSIENT MAGMITUDE +80 YRMS max, continuously adjustable,

- resolution | vol+
TRANS |ENT RESPONSE Rise time less than 100 mLﬁroseconds
TRANSIENT DURATION . 0.015 - 15,0 seconds adjustable in 3 ranghs
AMPL I TUDE MODULATION  0-100¢ (requires external low frequency sjgnal |

of 0-3 VYRMS at rear panel BNC connector)

DROPOUT DURATION 0.015 = |5 seconds adjustablie in 3 ranges
WAVEFORM A. NORMAL =~ sine wave, less than 1% THD

NOTE:

B. DISTORTED - (peaked or flattened waveform)
8% THO (Optional)

Analog voltages directly proportional 1o voltages and freauengy
outputs ovailabie on MS cennector on rear of instrument, Rembte
initiate inputs for both frequency and voltage trensients alsp
avai lable in seme MS connector, '

115 VRMS +10% less than [COVA, 47-70Hz

3" H x 19" W x 163" D (standard RETMA rark panel}

20 pounds !
poun (May 25, 1972)
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AR

- o T TRANS [ ENT GENERATUI C57 tLLmrcq MONULE
M’.GO.&PORAT ow
K]
MODELS: TG-704A-1  (single pha:a) ’ ' $1,995.C0
: TG-704A-1D0 {singie phase with harmonic distortion) $2,145,00
TG-704A=3  (three phase) $2,245.C0 .
T6~704A=30 (thres phose with harmonic distortion) $2,495.00
SPEC | FICATIONS :
QUTPUTS
FREQUENCY 7
RANGE (sfeady state) - 300-500Hz, resolution IHz, and 45-70Hz,
~resolution 0.!Hz, push-buffon select
TRANS[ENT MAGNITUDE - +10CHz max, (300-500Hz range) resolution IHz,
2nd #ICHz max, (45-7CHz) resoluticn 0, IHz
TRANSIENT DURATION - 0.015 = 15,0 seconds adjustable in 3 ranges
TRANSIENT RESPONSE Double exponential filtered, 33ms tima constant

VOLT#‘L {at output of associated power amplifier)

RANGE (steady state) 55—205 yRMS fine to neutral, resolytlon 0 5 VRJSJ
CONFIGURATION | 3-phase 4 wire wye, or sungle phase
TRANSIENT MAGNITUDE : +80 YRMS max, continuously adjusfuble,

: - resolution | volt
TRANSENT RESPONSE Rise time less than 100 microseconds
TRANSIENT DURATION 0015 - iS.O_secon§5 adjusfabie'inlj rangas
AVPLITUDE MODULATION . 0-100% (requires external l;w frequency éignal

of 0-3 VRMS at resr panel B!NC connector}

DROPOUT DURATION 0.015 - |15 seconds adjustable in 3 ranges
WAVEFORM A. NORMAL =~ sine wave, less than 1% THOD

B. ODISTORTED - (peaoked or flattened woveform)
8% THD (Optional)

NOTE: Analog volteges cirectly proportiona! to voltages 2nd frequency
outputs available on M5 cennector on rear ot instrurent, Remote
initiate inputs for both frequency and voltage trensients also
aval iable in same MS connector,

AhPUY t 15 VRMS +10% less than 1GOVA, 47 70Hz
34 H x 19" W x 168" D (standard RETVA ra[k ponet)
2

WELOIT, ' . 70 pounds 2

‘umv25,1ﬂ
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QAT R AT I iy ELGAR KCDTL_Ta=704A

AR i . o TRANSTENT GERENATOR C50t LLA 1O MODULE

Talehy © Q L PQILATION
%]

Q.

MODELS: TG-704A-f (single phase) | | $1,995,00
TG~704A=10 (singie phase with harmonic distortion) $2,145.00
T6-704A-3  (three phasc) $2,245.00°
. T6=704A-30 (three phase with harmonic distortion) $2,495,00
BPECIFIGATIONS: '
OUTPUTS
- FREQUENCY -
RANGE (steady state) 300-500Hz, resolution IHz, and 45-70Hz, -
: ' resolufion 0.4z, push~-button select
TRANS§ENT MAGNITUDE. +10CHz max, (300-50CHz range) resoluticn IHz,
and +I1CHz max, (45-7CHz) resolution O,IiHz
TRANSIENT DURATION 0.015 = 15,0 seconds adjustable in 3 ranges
TRANSIENT RESPONSE Doublg éxponenfial flitered, 33ms Time‘ccnsfanf

VOLTAGE (at output of associated powar aﬁp!ifier)

RANGE (steady state) 55-205 VRMS line Yo neuitral, resoiufiog 0.5 VRMS

CONF{GURATION ‘ S—SLase 4 wire wye, ér singje phase

TRANSTENT MAGN!ITUOE - AB0 VRMS max, continuously adjustable,

_ Co resolution | volt

TRANSIENT RESPONSE Rise time less than 100 microseconds

TRANSIENT DURATION 0.015 - 15.0 seconds adjustable in 3 ranges

AMPLITUDE MODULATION ‘ 0-100% {fequires external low frequency signal
of 0-3 VRMS at resar panel BNC connector)

OROPOUT DURATION 0.015 - i5 séconds adjustable in 3 ronges

WAVEFORM A. NORMAL - sine wave, less than 1% THD

B. DISTORTED - {(peaked or flattened waveform)
8% THD (Optional)

NOTE: Analog voltages directly proportional to voltages and frequency
outputs available on M3 connector on rear of instrument, Remote
initiate inputs for both frequency and voltage transients also
avai lable in same 5§ connector.

ANPUT L 115 VRMS +10Z less than 100VA, 47-7CHz
S17E ' 34" H x 19" W x 164" O (staendard RETMA rack peneli)

S TGHT ‘ 20 pounds y
A (May 25, 1972)
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SPECIFACATIONS::

: .-“J LAtEEEnY LIUTTIN VanTe AL R\ - TRAMS ] TJT'—EENEW\TOR DoCILLATOR Mobu .
lQthg CORPORATI QI
ODELS: TG-704A-1  (single phase) , b _ $1,995.00
T6-708A=1D0 (single phose with harmonlc distortion) $2,145,00
1G-704A-3  (three phasc): S , §2,245.00
T6-704A~3D (three phasec with harmonic distortion) $2,495,00

ouTRUTS
' FREQUENCY
RANGE (steady state) 300~500Hz2, resoluinn.le, and 45-7CHz,
: resolution 0, IHz, push-button select
TRANSIENT MAGNITUDE +1C0Hz max, (300-500Hz range) resolution |Hz,
and +iCHz max, (45-7CHZ) resolufion 0, 1Hz
TRANSIENT OURATION 0.015 - 15,0 seconds adjustable in 3 ranges
TRANS | ENT RESPONSE Double exponential tiltered, 33ns fime copstant

'VOLTAGE (at output of associated power emplifier)

d.5 VRMS

RANGE (steady state) 55-205 YR¥S line to neufral, resolution
CONFIGURATION 3-phase 4 wire wye, or single phase.
TRANSIENT MAGNITUDE +80 VRMS max, continuously adjustable}
. resolution | volt :
TRANSIENT RESPONSE " Rise time less than 100 microseconds
TRANSIENT DURATION 0.0!15 = §5,0 saconds adjustable in 3 ranges
AMPL | TUDE MODULATION . o-looz (requires external low trequency signal
of 0-3 YRMS at rear panel BNC connector)
DROPOUT DURATION 0.015 - 15 seconds adjustable in 3 renges
WAVEFORM A. NORMAL - sine wave, less than t¢ THD
B, DISTORTED ~ (paoked or tlattencd waveform) .
8% THD (Opticnal}
NOTE: Analog voltages directly progortional 1o voltages and frequency

ouTputs available on M3 connector on rear of instrumint, Remote
initiate inputs for coth frequency and voltagz frensients also

available in same M5 connecior,

Aneut ) " 115 YRMS #10% less than IO0QVA, 47-7CHz
SI7E o 3y x 19" W x 164" D (standard REVMA
WCHONT . 20 pounds

' . ‘ . (May 25,

- L LR UL BB * (714) 279.01C

rack ponel)
1972)

o e



RS 1777 ,(_ﬁ':{\ AN N ELGAR MNEL_T3-704
.- ,J R AT TR TS N TRANG LENT GotERAGTeT 0501 LLATOR PanLE
wolocoRr PO R AT 10N
w
MODELS:  1G-104A-1 (singla phase) ' ‘ $1,995.00
=== 1G-704A-10  (single phase with hermonic disfortion) $2,145.00
1G~7C4A-3  (three phasa) . . $2,245.00
1G-704A-30 (three phaseé wlth harmonic distortion) $2,495.00

SPECIFICATICNS:

OUTPUTS
FREQUENCY

RANGE (steady state)

TRANSIENT MAGN|TUDE

TRANSIENT DURATION

TRANSIENT RESPONSE

1

300-500Hz, resolution tHz, end A5-70Hz,
resolution 0.1Hz, push-button select

+100Hz max, (300-50CHz raﬁge) resolution iHz,
and +10Hz max, (45-7CHz) resolution 0. |Hz

10,015 - 15,0 seconds adjustable in 3 ranges

" Double exponential filtered, 33ms time constent

VOLTAGE {at output of associated powef amplifier)

RANGE (steady state)

QONFIGURATION

TRANSIENT MAGNITUDE

TRANSIENT RESPONSE

TRANSIENT DURATION

AMPL I TUDE MODULATION

DROPOUT DURATION

WAVEFORM

NOTE: Analog voltages directly proportional to voifages and freguendgy

55-205 VRMS lino to neutral, resolution 0.5 VRMS
3-phose 4 wire wye, or single phose

+B0YRMS max, conTianbsly'pdjus1ablé;
resolution | volt

Rise time less thon 100 microseconds
0.015 - 15,0 seconds adjustable in S'ranges

0-100% (requires external low frequency siénal
of 0-3 VRMS at rear panel BNC connector)

0.015 - 15 seconds adjusfable'in 3 ranges
A. NORMAL - sine wave, less than 1% THD

B. DISTORTED - {pezkad or flattened waveform)
8% THD (Optional)

outputs available on MS connector on rear of instrumsnt, Remgte

initiate inputs forvoth frequency and voltage fransients alsg
avai lable in same M5 connector.

ANA et E R ROAD

115 VRS +10% less than |00VA, 47-70Hz
3O H x 19" W x 163" D {standard RETVA ragk pznel)

20 pounds
(May 25, 1972}

SAN DIEGO. CALIFORNIA 92111 ° (714) 270.0000 | °

i
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1. INTRODUCTION

in 1965 £lgar Corporation was determined to find ways of fuifilling a vital need for highly contrallabie AC Power. We
defivered oue first solid state AC Line Cenditioner, Bince then we've doveloped AC Power Sources and Fregticney
Changers and UPS no-break AC power systems. . , and there's more to come. We're specialists in solutions to sophisticated
AC power problems . . . that's our only business. Elgar products are playing vital roles in major defense programs as well as
many unique apptications in industry.

What we do is provide instruments that make it possnb1e to obtain the kind of AC power needed by our customers ...
from conventional power lines. How we do it is described on the following pages. See for yourself,

2. THE NATURE OF AC LOADS = ‘

Befare a ciscussion of Eigar’s capabilities, we shauld be familiar with certain bacic definitions retative to loads, power
factor and VA whith must be coasiderad before the proper Elgar power source can be s2lected.

" Alt AC loads can. be classified as being resistive, capacitive or inductive, Depending ugon which prevatls, the smount of
power drawn will vary from one load to the next even though the apparent current drain is the same. Tae dilfurence is due
to'the power factor wxsaciated with different kinds of loads.

Power Foriar (P.F.) is the ratio of watts or useful power output ta the volt-ampere (VA) output \M is the product of
oulput volts and ainperes and is a messuce of tha autput capacity of a power saurce. Mare spcc:rfrcallv. o« VA 13110 is the
vectlor sum of tha watts and the reactive or useless power output, Thus, for an AC power source to have a3 meaningful
specification, it must state how much current it can delivor to 2 staied range of P.F, .

" Power sources are rated on their total VA capa!:‘kitv. Therefore, the following will help the power source user in
determining what output eapability his needs require.

{1) VA = volitage x amperes ' (3) PF.= W

Real power is measured in terms of W which is: VA

(2} W= VAxPF, . therefore:
@) VA= W_
: P.F.

.The P.F. is unity (1.0) for a pure resistive load and fess than unity — either leading or lugging — for all other loads. In
selecting power sources it is not sultficient to consider only P.F. Certain kinds of ioads must also be considered due 10 the
fact that they exhibit high starting currents or non-linearities.

3. CONSIDERATIONS PECULIAR TO CERTAIN LOADS

" Elgar AC power sources are compatible with ali types of loads, but some applications reguire correcting or tuning of
the source for proper compatibitity. Typical problem loads are as follows:

1. Single-phase mators

Sy chronous motors
Transformers and variacs
Constant voitage transformers
S.C.R. and magnetic amplilier power supplies

(LIS

The problem with these lgads stems either from non-lincarity in the loads or from high inrush currents required for
their aperaton, .

Almost a3l motors take § to 10 times tul! load curkent during starting. This type of load newds ta be coordingted with
otier Joad Tohe KA rabing of the sooree 1510 be compatitile with the inrush current requirement, or provision must be
treade to sty the oo foom the ine and Ihcn uu'-sh.. oves to the po.er source, '




-Sinéle'.gjh'“-_-,n motors of the.camcjwrf;g._‘mn type emploving a hisltin slorting switch can cause voltage pulsations angd
mator gscillatiun it arv single motorlasd raung eieceds 2L7% of the power source VA rating. Far speaal reguiremen
where a larger motor must be driven f20m the power scurce, it can be operated from the power hine for 3 short, period
during starting snd then switched to the autput of the powar saurce for continuous duty,

Many_sxgp.up or step-down transfermors such as @ Ve iic mav saturate and will therefore demand high input current,
This characteristic is usually reforred 19 as non-linearity and will in most cases cause a momentary overload of the povi
source, As a resull, the power source will current limit and increase-the harmonic content in the oulpul of the source.
“vtreme gases it could cause the output voltage to go into osciflation. When large transformers are 1o be used an
ouiput of the power source or line conditioners, it is recommendud that these be of a design comipatible with sourge
chavacteristics or that the proper source be selected to be compatible with the transtormer charadtemucs

Loads thar 9o into saturation in any portion of the operating range of input voltage, current or frequency are classod s
nan:tinegr loacts. Typical of these loads are ferroresonant regusating transformers. Constant voltaga transformors (CVT
should be eliminated from power source loads wherever’ posseme Since me power source pravides precisely regul.lt o

voltage, the nced for a CVT is eliminated.

SCR and mag-amp power supplies employ phase-delaved switching which draws power from the AC source over only 3
portion of each cycle. This tends to increase the 1otal harmanic distortion of the cutput waveform, and in some cases can
cause volage pulsations. If such a supply is less than 20 - 25% of the AC source rating, the cutput waveshape will generally
be acceptable.

W

@ 2 R

4. HOW TO DETERMINE TOTAL VA

The total VA load may consist of one or more smaller loads. If the ioad can be measured, the following steps should be
tak en 10 determine the 10tal VAL :

1. Meabure:
AC voltage with a volimeter
AC current with an ammeter
AC power v.ilh 3 wattmeter
2. Compute:
. KVAand P.F. from formulas {1} & (3) S .

Inrush currents for loads such as molors can be measurgd'with an ammeter at the instant the load is encrgized. For
tnads which have faster decaying inrush turrents — such as solenoids, relays, incandescent lamps, transformers and power
supplies -- an oscilloscope is required. )

if the load cannot be measured, the following can be done, Check the nameplate on the equipment. These wili vsualy
give the valtage and either wattage or P.F. data. Knowing this, the previous formulas can again be used to determine the
VA, and these may be added together for each of the loads. The averaye P F. for dissimilar loads may be calculated by:

Average P.F. = total W (for all ioads}

total VA

b. COMEINED LEADING AND LAGGING P.F. LOADS

In some cases, the P.F. of the individual loads comprising the total will vary considerably. Adding the currents together
in such a case will result in a current rating that is higher than would actually exist. Under those conditions where there is
a combination ol lcading and lagging power factor loads, this difference can be significant, Therefore, the individual loads
should not be added.

In some cases, the volt amperes reactive {VAR) is determined for each ioad or group of loads which have the same P.F,
The foltowing pracedure should be folfowed to determing the total load:

1. Find VA for each load from previous equations.
2. Find W from previous equations, )
3. Find VAR wheer:
VAR = VAR 1 - (P.F}°
Find total VAR for all lagging P.F. ‘aads and assign a negative sign.
. Find rotal VAR for alt leading P.F. !oads and assign a positive sign.
Alactiraically add these two totals.
The tntal VA can bw found by using the following:
Tovtal VA - J‘.'n': - \'I:';“RT
Fooovarg the total VA, the power facter for the toad ¢an be determined.

~a ;s




6. ELGAR AC SCURCES ... SIMPLE & FLEXIBLE

To better urderstand the prinaiple of Elgar .5, poveer sovrces, think of them as & high power fingar anwpishit v by
an ,os.cillator. More specificalty, the basic power amplifier actually consists ot a DO supply and a multistate gy witha
multiple tap power output transformer. The output frequency is established by a plug-in ascillator. in simplitied form, the
power source operates as shown in Figure 1. ‘ _

Although frequently classed as an instrument, Eigar power sources are actually power sysiems ... made passibie by
their r+cioptional flexibility. Not only can they teotiver a variply of voltages and frequencics at the output, but the phase
can be controiled, enabling the user to interconncct the output of two or mare POWEr SOUTCEs Nt 2:ph..si ik et
Delta or Wye, 3-phase configurations. This flexibility carries with it stll another important bencfil to the usei. Since the
many possible tutput variations frorn the power source are achieved either by a plug-in dbvice or Ly external |
interconnection, & given power sourcg — of group of sources — £an sefve ong application‘tod.{{( and an enurely dilferent
ong tomorrow. The advantage, of course, lics in the ability 10 standardize on one group of equipment . ... confulent in the
knowledge that attornate equipment purchases will not be required to meet fuwre noeds. There Is nothing 10 become

ebsolete with an Elgar power source.

tas v sUPPLY +

l'.........._

1 ;
N I . ) s
PLUG-IN ST . : é
OSCILLATOR |
|~ | P
.-.-—m_-n-l——b--—ﬂ-’l r—) (")---—.
. POWER STAGE’ ‘
. | | =
FIGURE 1. — Simplified Power. Source Black Diagram
7. THE OUTPUT TRANSFORMER . o

The output transformer windings of the typical Elgar power source are shown in Figure 2. Each winding has a 32 and
130 volt tap. Within a given source, these two windings may be connected either in series or in parallel, depepding upon
the voltage output desited. The use of both windings of a given source — whether connected in series or in faratlel - is
required to achieve the full power output {VA rating), This cloes not prevent the user from isolating the L windings,
however, and drawing one-half power from gach'for two different purposes. .

When two or more power sources are interconnecied either to gain greater power, muitiple phase opgratioh or for use
in a2 complox systewm arrangement, the transtormer vyindings from one source 10 the next must Aever b GRHNCCWG 1IN
parallel. Figure 3 shows the interconnection of two power sources capable of delivering a 2€0 valt cutput ot thice the VA
rating of a singie unit. To achicve the same copahility with a 130 volt output, the intereonnection seoutd be bs shownin
Figure 4. The maximum possible voltugs out.ut v pived Ly antergennacting Ji showy i Figure 3 ang prpducces 570
volts. Simitar teuhniques are also employed 10 achigve multipie phase operalion. This will be discussrd i asubinguent
sertion of this docoment,
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| B FREQUENCY GENERATION TECHNIQUES -

oo, b Vi payeer ot o datermioed By plueas contiater whiicn drve . the aoveer smnlifer

TR
narrow rang? vartaolt; or feed

varicty of wwtrchanaabie vertians are available, wichicting JhHz to W0s iz varabe;
frequencics with accuracies to 0.0001%.

Depending upon the accuracy of frequency control desired, either of two methods of frequency generation is utilized.
One method employs a modified phase shift osciilator. This technique is used in both the variable and fixed frequency
plugins since it requires only a change of resistance to produce a change in fréguency. External sync cxpability is 3lso
easily added to this group of ascillators, The other method uses 3 erystal ostilator and is primarily for fixed frenuency,

_highly stable applications, The principle of operation here is to select a furdamental crystal frequency which can be
divided down to the required output frequency. By utilizing these two methods of frequency generation, Elgar offers 30
standard piug-in oscillalors and has produced many $pacial oscillatars as wall. ) ’

The plugin oscillator is capahle of preducing.one, tvo or three-phase output sine waves. The single-phase signal
generated within the oseillator 15 sttenuatad by tha master power source from panel amplitudo cantrol. Tha output of the
attenuator is then applied to an A-phase power amplifier and to a signal splittr which develops voltages equal in amplitude
and opposite in phase. These signals are then appiied to an all-pass phase stifl network to form the leading and lagging
signals. Control of the amount of lead or lag takes place in the phase-shift neawerk by simply varying resictance in an RC
circuit. This resittance variation is then ganged to that required for frequeacy variation, therchy maintaintng a pronper
phase angle relaticnship between the two when variable frequency is required. All outputl signals for a one, lwo or

three-phase configuration are generated in one plug-in oscillator tocated in the A-Phase power amplifier. 1t is not necessary -

o use an oscillator 1 the power amplifiers used in 8 and C phases.
o, \__/OLTAGE VARIATION TECHNIQUES

The single or multiple phase oscillater output is adjusted with the amplitede control on the front pancl of the master
power source. Each of the slove units s independently adjustable if dcsred. The oscillator produces a signal of

£

approximately 3 velts RMS which will drive the power sgurce to full rated output. A multi-scate frony panel meter s

permanently wired to one of the 130 volt windings of the output transtormer a1d indicates a full zcale tcading ol 130 volts
— regardiess of whather the power source output is interconnectad for 32, 130 or 280 vaits, Thus, the meter reading is
multiplied by two for a 260 voht output, and divided by four for a 32 vaolt outpun,

10. MULTIPLE PHASE OPERATION =

Etgar AC power sources lend themselves to easy interconnection in a variety of multiple phase configurations, Two

power sources may be interconnected for 2-phase or 3-phase operation. Figwe G shows the phase relationships af the

output windings of the two soutces, interconnccted to produce a 2-phase output. T¢ obtain 3-phase pawer, the yuer has
the option of intercannecting either two or three power sources. The determinar.is <f how many power ampiificrs to sy
depends upon whether a 4-wire Wye or Phantom Wye or 3-wire Open Delta connection is desired. The Phantom Wy? and
Open Delta configurations utilize two power sources, thereby providing significant cost savings to the user. Although
neither of these is.a true Wye or Delta, the load cannot tell the difference. Use of ths Phantom Wye mode of pov/Cr source
intercannection is limited, however, by the fact that a relatively (within 10%) traia- ced toad is required in order to meet
standard Elgar requlation specifications. The vector and output winding diagrams ?ur these two modes of operation are
shown in Figures 7 and 8. .

A true Wye arrangement necessitates the use of either three power sources or a single unit with three povicr amplitiers
designed to deliver only 3.phase power. The three unit approach is shown in Fijure 9, It should be noted that this
configuration does not require balanced loading for good regulation. '
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FIGURE 6 -~ Vector Addition from Two Power Sources EIGURE 7. — Vector Addition from Two Power Sourges
Showing Method of Achieving 2-Phase Power . ‘ Showing Method of Achieving 3-Phase Open Delta
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11. POWER SYSTEM SIMULATORS

Socause of the relative ease of control of the output frequency, amplitude and phase, Elgar AC power sources may be
externally programmed either by a computer or by other digital cammands. This capabitiy enatias aviamics and other
system designers 10 automatically “‘exercise’ and test their end products under simuated powvar conditions. This
capobility has proved valuable for various industrial and commercial product manufacturers who have critical power
requirements in the operation or tast of thetr devices.

Elgar his a series of solid state decoder programmers. which make possible power system simutation. Thaydre designied
for autcmatic prodrammed frequency, acplitude or phase angle scleclion as woll as certain combinstions of the three.
They are available in one, two of three-phase canfigurations,

The basic decoder programmer 3CCrpis parailel 8COD irputs in an 8421 code. By selection of oplions, cither 2 TTL
compatble voltage tevel or coniact closure mpyt con be provided. An addiuonal option provides intarn.l storage sich that
the dvecoder programmr may ba opcrated v a meshace modgo with 3 compuier. Tive wanious Nt segnuds ara then uied
sy teol amipbieces freaquency o phare toe either nn'c, twa of three-pnase CpRration. The frant nuoel of the doooder
pre e abar banhani g eefits of Hieayal controls accompanied by indicator fights, These enuble the operaiof to

et gttt RV T G phase as veell A% huve o vesual ndication of the programme.j conditiun, wneibes

c i b s e oo ed i tied 1noded of operatin is selectable by a feant patwl wailch,

1 e iinaii i A




To protect the unit under test, various safety fr:dtur.es are huilt into the decoder programmer. For exampla, unr'n;
Lange their nrogrammcrj' conditions until averlapp—4 STROBE and SET comminds have hrn
received. This prottets anainst acciduntal switching from remots to manuil egeration — thereby inserting an uowvanioed
frequency, amplitude or phase angle condition. An atlded salety feature takes over in case of o momentary or proluncad
power failure. Upon restoration of line vollage, the decoder programmer automatically sets itself for a zero voltage

amplitude control and for a 400Hz frequency.

contiining storage cannot ct

]

12. A FULL SPECTEUN CF APPLICATICNS

A few reprosentative applications will demonstrate the exceplional flexibility and capabitity of Elgar power sources,
. A somewhat simple applicatldn is shown in Figure 10. An Elgar Model 1503, 1500V A 3-phase AC source, was setected
2% a basis. Specificatiom:- colted for the ability to program the oulput voliage amphtude fror 0w 130 volts (line-to-ling or
ling to-pentrall in 100 millivolt steps. 1t was also necessary 10 modulate the butnut amplitudeal a QHz rate from O 1o 10%
in 1% steps, In addition, it wes necessory 10 program frequency from 4GHz to SKHz in three ranges of from 45Hz to
100z in 0.1Hz steps, from 100Hz2 o 1KHz in 1Hz steps, and from 1KHz to BKHe In 10Hz steps, At three of theso
capabilities were provided by a single Elgar lhree-phase' decoder programmes. A finat system requirement necessitated
provision for switching the output configuration from Wye to Delta. To insure that the systiem output voltage agrecs with
the progranyned value, ramote sensing is also included at the system output. : : '
A step up in complexity is répresented by Figure 11. Because of need for individuat control of amplitude for each
phase, three Elgar Model 1001‘s {(3000VA, 3-phase AC Source) were used as the basic powar system. Amplitude
programming of the three phases was handled by three identical decoder orogrammers which provided independent
g~z ude control and purailel amplitude modula:ion control. The range of output vaoltage vanation was frem 0 to 130
" wolts lire-to-neutral in 103 millivolt steps. Ampiitude modulation varied irom 0 to 10% at a frequency of SHz. Each of the

three decoder programmers could be activated independently of the other by the computer 1/0 device. In addinion, 8
" fourth decoder was provided in order to program the frequency of the system from 45Hz 10 SKHz over the same three
- ranges as in the first application. S :

Figure 12 represents one of Elgar’s more compiex systems. The system has wwa independent modes of operation for
the single-phase outputl which are independent of the theec-phase output, pluscomplete amplitude and frequency control
‘of the three-phase output. The system uses standard Elgar hardware. For the ree-phase ouiput, three Eigar Mods 251
wara selected, Two individually selectable voltaye ranges, 0 to 130 and 0 1o 260 volts, ere provided. Either intlependent or’
simultancous amatitade control of each ghase of the thres-pitase output is alsp providad. A three-phase decodser
programnmier provides amaplitude programing with 100 millivelt resolotian over e selected voituos rangn plus frcqubncy
programming from 45z 10 5XHz. The frequency redlution s the ssme as in the pravious anplizauans, Phase A lsysad 25 -
a reference phase in the decoder programmer controlling the phase of the singie niase power source, Phase ptagramming s
provided in 1® steps from 0 to 360°, The single-phase output is aiso controlled kv a decoder prog}:-.mmcr vhich programs
amplitude and frequency with the same resolution as the three-phase output. '

/" Another significant application involves the simulation of the AC power wrstems found on military aircraft. The
P rerformance of these systems is basically defined by Military Standard MiL-STD-704A. Elgar has developed a standard test
" gencrator, the Model TG-704A, which will simulate the wide variety of voltage wansients, frequency transientd, amplitude
modulation and, various types of ’harmonic distortion in accordarce with MIL-5TD-704A. The three-phase oytput of the
TG-704A is used 1o drive any combinations of standard Elgar AC power sources to provide 115/200 valt, 3-ghase 4-wire
400Hz power with the controlled sberrations at a power ievel determined by Elgr AC po.wer source ratings. Epis provides
for the first time a completely integrated MIL-5TD-704A testing system built from readily available standard hardware at 2

- nominal cost. - .
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YIGLRE 11, ~ Btack Disgram of Multi-Programmer Three-Phase FIGURE 12. — Biock Diagram of Complex Multi-praorammed

Fowrr Saurce System

Thede-phase and Singis-phase Power Source System

13. A RCPUTATION BUILT ON QUALITY

ttgar Corporation is export in the control of AC power. That's our only business. Wa pride ourselves on producing the
highest qu-ﬁ‘-w praduct for the lowest possible price. Take one look at any of our preducts and you'tt guickly sce a guility
of construction that is unsurpassed. Front panels, side raifs, rag and bottom lids . . . it 2re Tabricated of heavy gage steel,

daosigned to providz overall rigidity as well as adequate support for the inteinal zomponents..

When it comes to components — with the exception of the specially designed cutput transformers — we use only
‘oti-the-chel{” types avaiable from one or more major suppliers, We also take extreme care in every aspect of the
utilization of the components , . | including appropriate heat sinks ., . overload proiection . . . oversized printed circuit
boards . . . right down to the fmest detaif,

We: also take great pride in the reliability of Eigar power sources. The power source itself will detiver a 10-year service
life and a documented MTBF of 24,000 hours. That's nearly 2% years of continuous operation or 12 years of normal
service. This is Elgar quality . . . and we build it into every product we produce, ’

The quality doesn’t stop with the components; however. The stated specifications on all-Elgar power sources are
conservatively rated on the basis of what they 'l deliver where it counts . . . at the output. We see no logic in specifying our
products on the basis of same internal capability which is greatly reduced by the time it reaches the outpul. An examgle is
our decoder programmer. The specifications quoted are at the output and include those of the power saurce as well as the

‘programmer. This user osientation of our specifications can also be found in our frequency rrange, We quote to 10KHz.

Why go further when there's hardly an apphcatlon that reguires it?
The proof of the Elgar story does nol come from us however , . ., but frorn our customers In over seven years of
existence, we have served some of the feading Government agencies and corporations in the worrd . . organizations who '
demand service and quality.
We suggest that you be the judga. We'_re prepared 10-prove this 1o you . . . in your labocratary or ours.
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APPENDIX H
THERMAL TEST SYSTEM

{INTRODUCTION

The controlling thermal parameters in the performanqe of a forced air
cooled computer are the supply temperature and the mass flow rate of the

cooling air.

ANALYSIS

The Timiting temperature of a device may be written in the form:

Tg=Ta+ AaTa + ATf +alc (1)
where: Td = device malfunction ‘
Ta = supﬁ}y air temperature |
A Ta = air temperature rise as air passes through the computer
ATf = film temperature rise .
ATe = chassis temperature rise to the device.

Each of these 'terms may be expressed explicitly as follows:
(1) Td | o
(2) Ta
(3) ATa

Cl1, a constant

variable

q/mep

where: g = heat dissipation, a constant

cp = specific heat of air, a constant

(L]

m = mass flow rate of air, a variable
thus,
ATa = €C2/m, C2 a constant

(4)ATf = q/hA

where: g = as before
A = heat flow area of heat exchanger, a constant
h = convective film coefficient

H1



2.1

3.0

3.1
3.1.1

3.1.2

= f({Re)
Re = Reynoid's Number
ocn”

n = constant

thus,
Tf = €3/mn |
where C3 is taken to be approximately constant

(5)  Tc = C4, approximately a constant

RESULTS

Substituting into equation (1) and using C5 = C1 - C4

C5 = Ta + C2/m + C3/m" (2)

A typical plot of equation 2 is shown in Figure H-1.
Figure H-2 shows a typical f1ow-pressufe drop performance curve for
a computer.

TEST PROCEDURE

The test procedure for obtaining data to construct such cufves is
illustrated in Figure H-3 and delineated below. The foregoing ﬁrocedure
is valid not only for a push-through air.supp1y, but also fﬁf a. draw-
through suppiy, Since the pressure‘mea5ureﬁents are réducéd fd standard
density supply air. - |

Flow Pressure Measurements

Air is supplied to the computer by means of a blower. The flow is
controlled by a valve and measured by a suitable flow meter and
manometer.

Entering air temperature is established by an air conditioner. Entering
and exhaust air temperatures are measured by means of thermocouples

and a recorder.

H2



3.1.3

3.1.4

3.2

3.2.1

3.2.2

3.2.3

3.2.4

3.2.5

The pressure loss across the computer is measured by means of static
pressure taps in the ducting and a manometer.

Barometric measurements are taken in order to determine mass flow rate
and to reduce the data to standard air density conditibns.

Operating Procedure

The entering.air temperature is fixed at a high mass flow.rate and
pressure temperaturé, and flow measurements taken after system
temperature have reached steady state.

The computer is exercised through suitable electrical operations to
determine if it is functioning satisfactorily.

The mass flow rate is reduced (holding the entering air temperature
fixed) steady state reached and'the electrical test‘opérationa1 repeated,
This procedure is repeated until some functional fai]ﬁre occurs in the
computer. This defines a point on the curves in Figures H-1 and H-2.

The entering air temperatuﬁe is chahged and the whole procedure,

3.2.1 thru 3.2.4 repeated.

H3
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TOTAL PRESSURE DROP - IN. HZO {0.075 LBM./CU.FT.)

FIGURE H-2 - TYPICAL FLOW PRESSURE DROP CHARACTERISTICS
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